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PROTECTING  THE  FLEET 


David  Kasslng 


The  1970s  have  seen  a continuing  debate  about  the  size  and  structure 
of  the  United  States  Navy’s  general  purpose  forces.  Some  of  the  Issues 
stem  from  changes  in  how  the  need  Is  perceived.  Other  Issues  arise  from 
the  sharp  Increases  in  costs.  But  many  of  the  issues  arise  out  of  concern 
about  the  basic  ability  of  the  fleet  to  perform  its  functions  in  the  face  of 
ever  more  capable  opposition. 

This  paper  considers  some  of  the  problems  Involved  in  allocating 
resources  to  protection  of  the  fleet.  It  concentrates  on  the  contribution 
of  surveillance,  antisubmarine,  antiair,  and  antisurface  ship  systems  to 
protectlon  of  the  Navy's  main  fleets.  The  paper  begins  with  a discussion 
of  some  of  the  concepts  involved  in  thinking  about  protection  of  the  fleet, 
and  then  examines  some  of  the  major  changes  in  technology  and  forces  that 
have  made  protection  more  difficult.  The  threats  to  the  fleets  are 
described  briefly.  The  discussion  then  shifts  to  the  problems  of  protecting 
the  fleet  in  two  kinds  of  conflict  with  the  Soviet  forces  — tactical 
nuclear  war  and  non-nuclear  war.  Finally,  there  is  a brief  assessment  of 
the  problems  of  protecting  the  fleet  from  attack  by  third-country  forces. 


The  author  is  on  the  staff  of  the  Center  for  Naval  Analyses.  The  views 
expressed  in  this  chapter  are  his,  not  those  of  the  Center,  the  Department  of 
the  Navy,  or  the  Department  of  Defense. 
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That  is,  it  focuses  on  issues  involved  in  protecting  the  U.S.  Navy's 
general  purpose  forces,  not  its  sea-based  strategic  missiles,  Poseidon  and 
Trident. 

Also,  although  tactical  air  strikes  at  enemy  ports  and  bases  help 
protect  the  general  purpose  forces,  these  tactics  are  not  examined  in  this 
paper.  Nor  does  it  consider  the  sometimes  important  contribution  of  mines 
and  mine  countermeasure  forces.  | 7 ’ ■' 
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BASIC  CONSIDERATIONS 


To  carry  out  Its  main  wartime  functions  — gaining  sea  control  and 
projecting  power  ashore  — the  fleet  must  be  able  to  withstand  enemy 
attack.  There  is  a need  for  protective  systems  to  help  the  fleet  survive. 

But  survival  of  tne  fleet  is  not,  of  course,  the  purpose  of  a naval  force. 

Protection  is  only  one  of  several  capabilities  essential  to  the  main 
wartime  mission. 

The  need  to  protect  naval  forces  from  attack  creates  a problem  for 
naval  planners  at  every  level.  Resources  devoted  to  protection  compete 
directly  with  resources  devoted  to  the  main  naval  functions.  The  ship 
designer  — constrained  by  size  or  cost  — realizes  that  self-defense 
systems,  such  as  armor,  detract  from  striking  power.  The  fleet  commander  — 
constrained  by  size  of  available  forces  — realizes  that  deploying  his 
force  for  better  protection  may  detract  from  their  ability  to  carry  out 
their  main  functions.  And  the  naval  force  planner  — constrained  by 
budgets  — knows  that  resources  directed  to  defensive  systems  will  not  be 
available  for  buying  offensive  capability. 

The  analyst  can  prescribe  the  correct  principle  for  resolution  of 
these  problems.  Resources  should  be  devoted  to  protection  up  to  the  point 
where  additional  investment  in  protection  adds  as  much  to  offense  as  would 
additional  investment  in  offense.  In  short,  an  additional  dollar  should 

buy  the  same  amount  of  added  offensive  punch  for  the  fleet,  whether  spent 
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on  offense  or  on  protection. 

This  can  be  suggested  by  a simple  example.  Suppose,  for  example,  j 

that  a defensive  system  with  a life  cycle  cost  of  $25  million  enables  a carrier 
task  group  to  fly  an  additional  attack  sortie  a day.  Suppose  that  the  attack 
aircraft  for  offensive  operations  have  a $50  million  life  cycle  cost  and 
add  one  sortie  a day.  Buying  one  aircraft  less  costs  one  sortie,  but  permits 
acquisition  of  two  defensive  systems,  which,  in  turn,  result  in  two  sorties. 

If  the  threat  is  taken  as  fixed,  the  incremental  returns  to  defense  systems 
will  fall,  and  this  daily  sortie  capability  of  aircraft  will  increase.  When 
the  Incremental  sortie  rates  are  equal  — at,  say,  1.6  per  day  — the  proper 
balance  between  offensive  and  defensive  systems  has  been  achieved. 
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The  principle  Implies  that  protection  will  not  be  perfect  as  long  as 
resources  are  limited.  Technical  questions  aside,  to  provide  a perfect 
defense  against  even  a modest  threat  would  result  In  a mlsallocatlon  of 
limited  resources.  And,  of  course,  resources  are  always  limited. 

Therefore,  protection  — and  its  complement,  survivability  — must  be 
considered  In  probabilistic  terms.  Navy  ships,  as  the  saying  goes,  are 
designed  to  sail  "in  harm's  way";  some  will  inevitably  be  harmed.  All 
forces  — whether  attacking  or  defending  — are  vulnerable  to  some  degree. 
Vulnerability  per  se,  therefore,  should  not  be  the  main  issue  in  the  sizing 
and  structuring  of  naval  forces.  Rather,  the  question  is  this:  Allowing 
for  relative  vulnerabilities,  can  naval  forces  meet  a specific  need  at  lower 
cost  than  any  alternative  means  — and,  if  so,  what  types  of  naval  forces 
should  be  selected? 

Though  It  is  easy  to  state  the  analytical  principle  for  balancing  between 
protective  and  offensive  capabilities,  putting  it  into  practice  is  quite 
difficult . 

First,  there  are  problems  of  definition.  An  individual  weapon  system 
can  not  always  be  categorized  as  either  offensive  or  protective.  For  example, 
some  defensive  antlalr  missiles  also  have  an  antlshlp  capability  that  can 
be  used  offensively;  an  antlshlp  missile,  on  the  other  hand,  may  be  used 
offensively  or  defensively,  depending  on  the  tactical  situation.  Another 
example  is  naval  mines,  which  may  be  employed  for  either  purpose. 

Second,  the  key  questions  are  obviously  quantitative,  and  the  numbers 
are  hard  to  estimate.  Just  how  much  will  specific  offensive  and  protective 
systems  add  to  the  fleet's  total  firepower?  The  quantitative  answers  depend 
on  a host  of  uncertain  and  uncontrollable  factors:  the  tire  and  place  of 
the  conflict,  the  amount  of  warning  and  the  level  of  readiness,  the  skill 
and  experience  of  the  conmanders,  the  contributions  of  allied  forces,  and 
so  on. 
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Third,  the  reaction  of  the  enemy  to  the  introduction  of  new  weapons 


is  fundamental  to  any  assessment  of  their  effectiveness;  this  is  very 

i.  ’ 

hard  to  determine.  Clearly,  the  relative  ability  of  the  enemy  to  counter 
our  new  systems  — such  as  Harpoon,  Tomahawk,  Aegis,  Ship  Intermediate 
Range  Combat  Systems  (SIRCS),  and  lasers  — affects  the  desired  balance 
among  these  systems.  Since  we  cannot  know  the  potential  enemy’s  intentions 

• and  resource  limitations,  we  can  not  be  sure  about  his  specific  reactions, 

I 

I 

i but  we  can  be  certain  that  the  measures  we  take  to  protect  the  fleet  will 

I 

' draw  countermeasures. 

I These  countermeasures  can  take  any  form  — from  adjusting  a simple 

design  to  restructuring  an  entire  fleet.  Designers  of  individual  systems 
must  consider  the  characteristics  of  opposing  systems,  present  and  future. 

' In  the  long  run,  moreover,  the  force  structure  of  a navy  adapts  to  counter 

the  capabilities  of  the  opposing  force.  The  present  balance  between  the 
U.S.  and  Soviet  navies  reflects  the  slow  evolution  of  measure  and  countermeasure. 

The  U.S.  Navy  has  long  — and  for  good  reason  — relied  on  the  carrier 
as  the  main  element  of  its  striking  power:  for  strategic  delivery  in  the 
1950s,  for  conventional  tactical  air  power  and  antisubmarine  warfare  in 
the  1960s  and  1970s.  Thus  the  Soviet  navy  has  had  a relatively  "steady 
target"  for  a long  period  and  could  design  its  forces  against  this 
relatively  fixed  threat.  The  Soviets  have  now  evolved  a substantial 
anticarrier  force.  Their  task  has  become  easier  as  a result  of  the 
reduction  in  U.S.  forces  from  24  carriers  to  13  in  the  past  10  years. 

Viewed  in  this  long-long-term  context,  U.S.  countermeasures  to  Soviet  anti- 
carrier  capabilities  are  just  beginning. 

CHANGES  SINCE  WORLD  WAR  II 

The  ability  of  the  fleet  to  protect  Itself  has  come  into  question 
largely  because  of  five  major  changes  since  World  War  II.  Four  are 


i: 


technological  developments  — nuclear  weapons,  nuclear  propulsion,  anti- 
ship  missiles,  and  ocean  surveillance  systems.  The  fifth  has  to  do  with 
changes  In  the  composition  of  the  U.S.  Navy. 

1.  Nuclear  weapons . By  the  end  of  World  War  II,  the  U.S.  Navy  had 
developed  reasonably  effective  defenses  against  air  and  submarine  attacks. 
Major  combatants  built  during  the  war  were  larger,  more  heavily  armored, 
and  more  heavily  armed  than  prewar  designs.  ASW  techniques,  employing 
surveillance,  land-  and  sea -based  air,  and  ASW  escorts,  were  well  developed. 
In  the  Atlantic,  the  German  submarine  force  was  rapidly  being  defeated. 

In  the  Pacific,  the  fleet  was  able  to  withstand  attacks  by  several  thousand 
kamikazes . 

But  the  1946  tests  at  Bikini  Atoll  demonstrated  the  awesome  effects  of 
nuclear  bursts  on  ships.  Ships  were  sunk  or  severely  damaged  by  bursts 
thousands  of  feet  away.  Radar  and  radio  antennas  were  stripped  away  at 
even  longer  ranges.  To  achieve  comparable  destruction  with  conventional 
weapons  would  have  required  one  or  more  direct  hits.  Clearly,  this  major 
Increase  in  the  lethality  of  antiship  weapons  reduced  the  need  for  large 
numbers  of  weapons  and  great  accuracy  of  delivery.  Indeed,  many,  in  both 
East  and  West,  argued  that  the  day  of  the  large  surface  ship  had  passed. 

2.  Nuclear  propulsion.  By  the  mid-1950s,  both  the  U.S.  and  Soviet 
navies  had  learned  to  use  nuclear  power  for  submarine  propulsion.  The 
submarine  thus  acquired  a tremendous  Increase  In  capabilities  relative  to 
those  of  antisubmarine  forces.  The  submarine's  main  advantage  is  the 
stealth  that  comes  from  remaining  submerged.  A diesel  submarine  must 
come  close  to  the  surface  to  charge  its  batteries  and  can,  at  best, 
remain  fully  submerged  for  only  a few  days  at  a time.  But  nuclear  power 
permits  the  submarine  to  remain  submerged  for  two  or  three  months  at  a time, 
making  It  much  harder  to  detect  and  counter.  In  addition,  nuclear  power 
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provides  higher  sustained  speeds  for  reaching  station  and  maneuvering  in 
combat . 

Nuclear  power  in  submarines  has  reversed  the  situation  that  obtained 
at  the  end  of  World  War  II.  The  antisubmarine  forces  no  longer  hold  the 
upper  hand.  As  a result,  the  seas  have  become  an  attractive  hiding  place 
for  strategic  missiles.  Moreover,  our  ability  to  protect  our  sea  lanes 
from  submarine  attack  has  been  sharply  reduced. 

A 

3.  Antiship  weapons.  Although  mines  sank  or  damaged  many  ships  , 
the  main  antiship  weapons  of  World  War  II  were  guns,  torpedoes,  and  bombs. 
These  weapons  required  the  attacker's  ships,  aircraft,  and  submarine  to 
come  quite  close  to  their  targets,  where  they  could  then  be  engaged  by 
defensive  forces.  Moreover,  the  chance  that  a single  weapon  could  hit  its 
target  was  small,  and  multiple  attacks  were  generally  needed  to  Insure 

a kill. 

The  antiship  missile  met  both  problems.  Cruise  missile  technology 
permits  the  attacker's  ships  and  aircraft  to  launch  their  attacks  from 
outside  the  range  of  most  defensive  systems.  In  addition,  cruise  missiles 
have  been  designed  to  fly  at  supersonic  speeds  and  along  trajectories 
that  make  them  hard  for  the  defense  to  detect  and  engage.  The  guidance, 
and  control  systems  Incorporated  into  antiship  missiles  permit  them  to 
home  in  on  the  targets  and  hit  with  high  reliability. 

The  consequences  for  the  protection  of  surface  ships  are  clear:  The 
attacker's  weapons  can  more  easily  penetrate  the  fleet's  defensive  systems, 
and  the  effect  of  each  penetrating  weapon  is  increased. 

4.  Ocean  surveillance  systems.  The  ability  to  hide  in  the  vastness 
of  the  oceans  has  always  been  one  component  of  the  fleet's  ability  to 
survive  and  carry  out  its  missions.  During  World  War  II,  the  main 
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Mines  accounted  for  7 to  8 percent  of  sinkings  of  naval  forces  and 
about  one  out  of  eight  of  the  more  than  12,500  merchant  ships  sunk. 
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surveillance  systems  were  high-frequency  direction-finding  networks,  which 
detected  enemy  radio  transmissions,  and  aircraft,  which  searched  vlsuali / 
and  electronically.  These  systems  added  somewhat  to  our  knowledge  of  the 
enemy's  operations  and  our  ability  to  find  and  attack  his  forces,  but  often 
intelligence  — code-breaking,  in  particular  — added  a great  deal  more. 

By  and  large,  U.S.  ships  were  free  to  range  the  oceans  safely,  if  they 
took  routine  safety  precautions  — zigzagging,  running  dark,  etc. 

Today,  such  measures  are  not  enough  to  insure  ships  at  sea  against  being 
located.  The  technologies  of  World  War  II  have  been  retained  and  Improved. 
New  technologies  have  been  added.  Long-range  radars,  mounted  on  satellites, 
can  detect  ships.  Electronic  signal  monitoring  equipment,  out  in  space, 
can  detect  emissions  from  ships.  There  are  infrared  detectors  and  acoustic 
arrays . 

As  a consequence,  large  surface  ships  can  be  located  with  some  precision 
almost  anywhere  on  the  oceans.  There  remain,  however,  difficulties  in 
identification  and  tracking  under  some  circumstances. 

These  technologies  illustrate  the  difficulty  in  classifying  naval 
capabilities  as  either  offensive  or  defensive.  Though  these  advances 
in  technology  make  protection  of  the  fleet  more  difficult,  they  can  also 
help  protect  it,  as  will  shortly  be  shown. 

5.  Changes  in  the  U.S.  Navy.  In  addition  to  technical  developments, 
changes  in  the  size  and  composition  of  the  U.S.  Navy  have  added  to  the 
difficulties  of  protecting  the  fleet.  Over  the  past  30  years,  the  main 
striking  power  of  the  United  States  Navy  has  been  concentrated  in  fewer 
and  fewer  units.  In  the  1950s,  the  last  battleship  was  retired,  and  in 
the  1960s,  a decline  in  carrier  force  levels  began.  This  year,  the  Navy 
will  operate  13  carriers  and  deploy  four  carrier  task  groups  overseas. 

^The  battleship  New  Jersey  was  returned  to  service  for  action  off 
Vietnam  and  was  again  decommissioned  in  1969. 


Part  of  the  reason  for  this  concentration  is  economic:  Large  ships 
generally  provide  more  offensive  capability  per  dollar  invested,  particularly 
if  they  are  not  opposed,  as  has  been  the  case  with  U.S.  carriers  since  1945. 
Part  of  the  reason  is  fiscal:  Older,  smaller  carriers  were  retired  in  the 
early  1970s, when  DoD  budgets  were  particularly  tight.  And  part  of  the 
reason  is  the  technical  change  Just  discussed.  These  changes  have  induced 
the  Navy  to  Invest  more  in  costly,  sophisticated  defense  technologies; 
as  a consequence,  fewer  units  can  be  procured  and  operated. 

Whatever  the  reasons,  the  consequences  of  this  concentration  are 
clear:  It  is  easier  for  an  enemy  to  concentrate  against  the 

fleet,  easier  to  achieve  tactical  surprise,  and  easier  to  knock  out  a 
substantial  fraction  of  the  forces. 

THREATS  TO  THE  U.S.  FLEET 

The  need  to  protect  the  fleet  so  that  it  can  survive  and  carry  out 
its  main  functions  does  not  derive  from  technological  developments  per  se. 

The  fact  is  that  all  of  these  technologies  have  been  Incorporated  in  the 
forces  of  our  main  potential  opponent  — the  Soviet  Union  — and  some 
have  been  incorporated  in  the  navies  of  other  potentially  hostile  nations. 

In  the  future,  more  and  more  navies  will  be  acquiring  the  technologies 
that  are  now  called  "modern." 

Soviet  Navy 

It  is  not  necessary  to  detail  here  the  growth  in  the  Soviet  naval 
forces  and  its  capabilities.  These  have  been  described  and  examined  by 
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many  observers.  Suffice  it  to  say  that  the  Soviet  navy  has  enough  forces, 
widely  deployed,  to  pose  a real  threat  to  the  U.S.  fleet  in  the  event  of 
war. 


The  Soviets  cannot,  however,  allocate  all  of  their  naval  forces  to 
attacks  on  U.S.  surface  forces.  Though  defense  against  carrier  task  groups 
has  a high  priority  in  their  navy,  the  priority  of  strategic  missions 
is  even  higher.  Some  portion  of  the  Soviets'  submarine  and  antisubmarine 
forces  would  probably  be  assigned  to  protection  of  their  strategic  missile- 
launching submarines  — in  enclaves  or  redoubts  — and  others  would  be 
directed  against  U.S.  strategic  missile  submarines. 

The  main  Soviet  forces  for  attack  on  the  U.S.  surface  fleet  are  cruise 
missile  submarines  and  antiship  bombers.  Beyond  question,  the  cruise  missile 
submarines  are  designed  and  deployed  against  U.S.  carrier  forces.  Today, 
the  Soviets  have  60  of  these  submarines,  44  nuclear-powered  and  16  diesel- 
powered.  Considering  the  requirements  for  overhaul  and  maintenance  and 
the  long  distances  they  must  sail  to  reach  U.S.  carrier  operating  areas, 
the  numbers  that  can  be  deployed  continuously  are  much  smaller.  In  time 
of  crisis  or  rising  tension,  the  Soviets  might  be  able  to  get  as  many  as 
40  submarines  into  position  to  attack  U.S.  forces. 
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For  example,  Arnold  Moore  discusses  the  changes  in  the  Soviet  navy 
since  the  mid-1960s  in  a chapter  on  "General  Purpose  Forces:  Navy  and 
Marine  Corps"  in  Arms,  Men,  and  Military  Budgets;  Issues  for  Fiscal 
Year  1977,  edited  by  W.  Schneider,  Jr.,  and  F.P.  Hoeber  (New  York:  Crane, 
Russak  & Co.,  1976),  pages  57-69.  An  earlier  but  more  comprehensive  analysis 
of  the  evolution  of  Soviet  naval  forces  was  done  by  Barry  M.  Blechman,  The 
Changing  Soviet  Navy  (Washington:  The  Brookings  Institution,  1973) . For  a 
detailed  description  of  Soviet  naval  forces  and  their  characteristics,  see 
Capt.  John  E.  Moore,  The  Soviet  Navy  Today  (New  York:  Stein  and  Day,  1975). 

Michael  MccGwire  has  organized  several  conferences  on  the  Soviet  navy. 
Papers  from  these  conferences  have  been  published  as  Michael  MccGwire  (ed.), 
Soviet  Naval  Developments,  Capability  and  Context  (New  York:  Praeger 
Publishers,  1973);  Michael  MccGwire,  Ken  Booth,  John  McDonnell  (eds.), 

Soviet  Naval  Policy  Objectives  and  Constraints  (New  York:  Praeger  Publishers, 
1975);  Michael  MccGwire,  John  McDonnell  (eds.),  Soviet  Naval  Influence: 
Domestic  and  Foreign  Dimensions  (New  York:  Praeger  Publishers,  1977). 
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The  Soviet  navy  also  has  a force  of  more  than  300  bombers  that  are 


obviously  designed  and  armed  for  antiship  warfare.  As  many  as  30  to  90  percent 
of  them  could  be  brought  to  bear  against  U.S.  carrier  forces.  In  addition,  the 
Soviets  might  assign  some  of  their  Long  Range  Aircraft  (LRA)  to  naval  tasks. 

Some  Soviet  surface  ships  are  equipped  with  long-range  (250-nm)  antiship 
missile  systems:  the  Kiev  class  carriers,  4 Kresta  I cruisers,  and  4 Kynda 
cruisers.  The  Soviets  are  also  equipping  Kashin  and  Kildin  class  destroyers 
with  a modernized  version  of  the  SSN-2,  a 30-mile  missile.  This  program  may 
eventually  extend  to  all  23  ships  of  the  Kashin  and  Kildin  classes.  Finally, 
the  Soviets  have  17  Nanuchka  class  (850-ton)  corvettes  each  armed  with  six 
150-nm  SSN-9  antiship  missiles.^  Some  of  these  ships  have  occasionally  deployed 
to  the  Mediterranean. 

To  help  these  forces  find  their  targets,  the  Soviets  have  significant  cap- 
ability  for  surveillance  of  the  ocean's  surface.  They  have  been  scanning  the 


g 

ocean's  surface  with  radar  satellites  since  1967.  During  Okean-75,  two  radar 
satellites  reported  on  a simulated  convoy  in  the  Bay  of  Biscay.  According  to 
Aerospace  Daily  (2  June  1976),  "The  radar  spacecraft  are  able  to  sweep  large 
areas  with  a signal  strong  enough  to  provide  data  that  can  be  analyzed  by 
commanders  on  land  or  sea."  A radar  satellite  could  detect  large  surface  ships 


ri 

i 

,1 

i 

I 

t 

\ 

i 

\ 


but  might  have  difficulty  in  distinguishing  warships  from  large,  fast  merchant 


ships . 

The  Soviets  deployed  a second  type  of  ocean  surveillance  satellite  in 
December  1974.  Satellites  of  this  type  do  not  use  radar  and  are  therefore 
assumed  to  be  electronic  listening  or  television  devices.  Either  type  of  sensor 
could  help  identify  ships.  An  electronic  listening  satellite,  of  course,  requires 
a 'cooperative  target,"  one  that  is  operating  its  radars  or  radios. 


^CAPT  John  E.  Moore,  editor , Jane's  Fighting  Ships  1977-78  (New  York: 
Franklin  Watts,  1977),  p.  706. 

3 

From  "Soviets  Seen  Operating  Two  Types  of  Ocean  Surveillance  Satellite,'' 
Aerospace  Daily,"  2 June  1976. 
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Once  the  U.S.  forces  had  been  located,  the  Soviets  could  attack  them  with  3 

9 

torpedoes  and  antiship  missiles.  Of  Soviet  torpedoes,  little  can  be  said  here. 

There  are  at  least  two  types,  and  they  may  be  armed  with  conventional  or  nuclear  i 

10  [ 
weapons.  But  their  range,  speed,  and  guidance  mechanisms  are  kept  secret.  Ti 

More  can  be  said  about  Soviet  antiship  missiles.  For  a long  time,  the  ii 

V 

Soviets  have  led  the  world  in  the  development  and  deployment  of  antiship  missiles.  1 

\ 

At  least  ten  different  antiship  missiles  are  now  deployed  in  their  fleet.  Four  | 

( 

\ 

can  be  launched  from  ships  on  the  surface  (Including  surfaced  submarines) , one 
can  be  launched  at  ships  from  submerged  submarines,  and  five  can  be  launched 
at  surface  targets  from  aircraft.  The  main  characteristics  of  these  missiles  | 

are  listed  in  table  1. 


TABLE  1 

SOVIET  NAVAL  MISSILES  FOR  ATTACKING  SURFACE  SHIPS 


Range 

Speed 

Warhead 

Initially  fl 

(nm) 

(mach) 

type 

operational^  4 

Surface-launched 

SSN-2  (Styx) 

23 

0.9 

HE 

1960  1 

SSN-3  (Shaddock) 

150-250 

1.5 

HE  or  nuclear 

1961-62  ’ 

SSN-9 

150 

1.0+ 

HE  or  nuclear 

1968-69 

SSN-12 

250? 

7 

7 

Submerged-launched 

SSN-7 

30 

1.5 

9 

1969-70 

Air -launched 

AS-2  (Kipper) 

115 

l.Of 

9 

1960 

AS-3  (Kangaroo) 

400 

1.5+ 

9 

1961 

AS-4  (Kitchen) 

185? 

2.0+ 

9 

1965 

AS- 5 (Kelt) 

120 

0.9 

9 

1968 

AS-6 

150 

3.0 

9 

1970-71 

Source;  Capt.  John  E.  Moore,  editor, Jane' s Fighting  Ships  1977-78  (New  York: 
Franklin  Watts,  Inc.,  1977),  pp.  781-782. 

HE  ■ high  explosive 

NATO  code  names  are  given  in  parentheses . 


^The  Soviets  also  have  a substantial  inventory  of  antiship  mines, 
but  most  would  probably  be  employed  defensively  in  waters  close  to  the 
Soviet  Union. 

^"^Kosta  Tslpls,  Tactical  and  Strategic  Antisubmarine  Warfare,  (Cambridge, 
The  MIT  Press,  1974),  p.  93. 
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The  table  shows  a variety  of  stand-off  ranges,  missile  speeds,  and 
warhead  types.  The  missiles  employ  radar,  and  infrared  homing  mechanisms 
in  the  terminal  stages  of  attack.  About  half  the  Soviet  navy's  antiship 
missile  launchers  are  aboard  submarines,  40  percent  more  are  on  aircraft,  and 
the  remainder  are  on  surface  ships. 

The  Soviets'  naval  writings  and  exercises  tell  us  something  about  their  plans 

for  employing  these  weapons.  Admiral  Gorshkov  has  set  down  his  views 

quite  clearly.  He  expects  future  combat  to  be  quick  and  decisive: 

"...  the  combat  activity  of  the  navy  in  the  future  will 
be  a complex  combination  of  simultaneous  and  successive 
combat  operations,  swift  and  brief,  ending  with  the 
attainment  of  decisive  goals  ..." 

"In  many  cases  the  grouping  of  enemy  naval  forces  will  have 
to  be  destroyed  within  a very  short,  specified  time,  before 
they  can  fully  employ  their  own  weapons. 

This  suggests  concentration  of  air,  surface,  and  submarine  forces 
against  the  opposing  fleet,  and  the  employment  of  surprise,  coordinated 
attacks.  This  interpretation  of  the  Soviets'  approach  is  confirmed  by  a 
review  of  their  major  exercises.  In  both  1970  and  1975,  major 
Soviet  naval  exercises  showed  that  they  could  conduct  coordinated  antiship 
attacks  in  ocean  areas  near  the  Soviet  Union  where  the  U.S.  fleet  might  well 
be  deployed.  In  1975,  special  emphasis  was  apparently  placed  on  attacks 
on  surface  ships,  mainly  by  aircraft  equipped  with  antiship  missiles. 

In  this  exercise,  the  Soviet  navy  demonstrated  that  its  surveillance. 


command  and  control,  and  attack  systems  could  organize  and  conduct  attacks 

. 12 
on  an  opposing  fleet. 


Sergei  G.  Gorshkov,  Morskaya  moshch'  gosudarstva  (Military  Publishing 
House:  Moscow,  1976),  pp.  370-71.  I am  Indebted  to  James  M.  McConnell  for 
the  translation. 


^^or  a more  complete  description  of  the  1975  major  Soviet  naval  exercise, 
see  B.W.  Watson  and  M.A.  Walton,  "Okean-75,"  U.S.  Naval  Institute  Proceedings, 
Vol.  102/7/881  (July  1976),  pp.  93-97. 
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Other  Navies 


Much  of  the  new  naval  technology,  both  U.S.  and  Soviet,  has  already 
appeared  In  other  navies;  more  Is  likely  to  find  Its  way  there  In  the 
next  10  or  20  years.  How  far  this  trend  goes  depends  on  the  costs  of 
the  systems  and  the  budgets  available  for  naval  procurement . 

Satellite  surveillance  systems  are  probably  beyond  the  means  of  all 
but  the  superpowers,  and  the  costs  of  nuclear  submarines  will  preclude 
development  and  acquisition  by  all  but  a few  states.  This  Is  also 
true  of  most  modern  ASW  systems. 

But  there  are  now  a variety  of  naval  missile  systems,  as  well  as 


small-shlp  sonars,  radars,  and  combat  Information  systems,  on  the  market. 
Some  of  this  technology  Is  in  the  hands  of  smaller  navies  — for 
example,  the  Gabriel,  the  Seacat,  the  Otomat,  the  SS-12  — and  more 
will  undoubtedly  be  acquired.  Table  2 lists  the  main  missile  systems  now 


available  for  antiship  warfare.  Note  that  most  of  these  are  relatively  short 


range  weapons. 


TABLE  2 

SELECTED  ANTISHIP  MISSILES 


Range 

Speed 

T2£e 

Developer 

(nm) 

(mach) 

Surface- 

France 

Exocet 

20 

1.0+ 

to- 

France 

SS.ll 

1.6 

? 

surface 

France 

SS.12 

4.4 

Subsonic 

Inti 

Otomat 

32 

0.9 

Israeli 

Gabriel 

14 

0.7 

Italy 

Seakiller  I 

6 

1.9 

Italy 

Seaklller  II 

13 

1.9 

Italy 

Seakiller  III 

24 

1.9 

Norway 

Penguin 

14.5 

0.7 

Sweden 

Rb08A 

100? 

0.85 

UK 

Sea  Dart 

40 

7 

Air-to- 

France 

Martel 

30 

7 

surface 

France 

AS  20 

4 

? 

France 

AS  30 

6 

1.5 

Italy 

Alrtos 

6 

1.5 

UK 

Sea  Skua 

5? 

7 

Sources: 

.fiin..'BFlahtinR  Ships  1977-78.  pp. 

780-81,  and 

General  Dynamlci 

Corporation, 

The  World's  Missile 

Systems,  3rd 

edition. 

November  1976. 
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The  diffusion  of  this  technology  Is  well  underway.  Antlshlp  missiles 
are  now  employed  by  the  navies  of  such  diverse  states  as  India,  Malaysia, 
Senegal,  South  Africa,  and  Venezuela,  as  well  as  China,  Cuba,  North  Korea, 
and  Vietnam.  In  the  future,  therefore,  even  small  nations  may  pose  some 
threat  to  at  least  the  surface  forces  of  other  nations. 

These  developments  In  the  Soviet  and  other  navies  have  been  underway 
for  many  years  and  are  well  understood.  They  have  given  rise  to  consider- 
able concern  about  the  utility  of  large  surface  warships  In  future  combat. 
When  asked  to  give  his  assessment  of  attrition  of  U.S.  forces  In  conflict  In 
the  mid-1970s.  Admiral  Holloway  stated  his  views  very  clearly: 

"I  think  I can  answer  It  In  one  brief  paragraph.  In  a 
conflict  with  the  Soviets,  I would  expect  very  heavy 
losses  to  our  carrier  forces  If  nuclear  weapons  were 
used.  If  nuclear  weapons  were  not  used,  I would  predict 
about  a 30  to  40  percent  attrition  of  our  carriers.  We 
have  no  figures,  statistically,  because  we  have  no  view 
Into  the  future  with  the  infinite  set  of  scenarios  in  which 
we  could  go  to  war.  That  is  my  judgment. 

If  we  go  to  war  with  a client  of  the  Soviet  Union,  as  we 
have  historically  since  World  War  II,  I think  that  carrier 
attrition  would  measure  less  than  10  percent. "13 


PROTECTING  THE  FLEET  IN  TACTICAL  NUCLEAR  WARFARE 

The  task  of  protecting  the  fleet  is  most  difficult  if  nuclear  weapons  are 
used  to  attack  it.  Tactical  nuclear  warfare  is  often  equated  to  combat  with 

low-yield  nuclear  weapons.  In  naval  warfare,  however,  this  is  not  necessarily 
true.  Designers  of  naval  nuclear  weapons  have  not  been  constrained  by  any  need 
to  limit  collateral  damage  or  to  permit  early  entry  of  their  own  troops. 

13 

Testimony  of  Admiral  James  L.  Holloway,  Chief  of  Naval  Operations, 

U.S.  Congress,  Senate,  Committee  on  Armed  Services,  Hearings  on  Fiscal  Year 
1976  Authorization,  Part  2,  February  11,  1975,  p.  742. 
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i Instead,  designers  of  nuclear  systems  for  naval  use  have  Incentives 

! 

that  could  lead  them  to  larger  warheads.  High  yields  can  compensate  for 

i 

; some  of  the  common  limitations  of  naval  warfare,  such  as  the  difficulty  of 

differentiating  the  primary  target  from  other  enemy  ships  In  the  vicinity. 

They  make  the  utility  of  "dead  man"  fuzing  higher,  and  this  reduces  the 
effectiveness  of  shlpbased  protective  systems.  High  yields  offset  the 
difficulties  of  locating  a target  precisely,  and  they  reduce  the  need  for 
terminal  homing  mechanisms  that  are  vulnerable  to  decoying  or  jamming. 

Finally,  they  economize  on  scarce  shipboard  magazine  space:  Higher  yields 
make  for  surer  kills,  and  fewer  weapons  are  needed  per  target. 

From  the  viewpoint  of  protection,  the  defenses  against  nuclear  weapons 
must  be  highly  effective.  Penetration  of  the  protective  screen  by  one  or 
two  weapons  can  spell  disaster  or,  as  Admiral  Holloway  put  It,  "very  heavy 
losses." 

Nevertheless,  the  debate  over  the  size  and  structure  of  the  U.S. 
fleet  has  barely  touched  on  tactical  nuclear  war.  Most  broad  assessments 
of  naval  capabilities  — posture  statements,  net  assessments,  campaign 
analyses,  general  reviews  — focus  almost  entirely  on  war  with  conventional 
weapons.  This  does  not  mean  there  has  been  no  work  on  naval  warfare  with 
nuclear  weapons.  Of  course,  there  have  been  many  point  papers  and  memoranda, 
design  studies,  analyses  of  Individual  weapons  systems,  and  even  an 

I 

occasional  CNO  statement  of  policy.  But  the  basic  rationale  for  the  Navy’s  j 

tactical  nuclear  posture  has.  In  fact,  received  little  attention.  The  | 

t 

1 

literature  on  naval  warfare  with  nuclear  weapons  Is  negligible.  Even 
( the  critics  of  the  U.S.  Navy  seem  to  have  Ignored  the  Issue. 


only  the  conventional  defense  of  Europe.  A second  explanation  is  that  the  IJ.S. 
and  Soviet  navies  are  apparently  the  only  ones  with  major  tactical,  independent 
nuclear  programs.  A third  explanation  is  the  most  likely  of  all:  During 
the  1960s,  when  studies  were  made  of  tactical  nuclear  warfare  at  sea,  the 
results  were  both  clear  and  distasteful.  According  to  one  assessment  that 
was  made  at  the  time: 

"It  is  apparent  from  official  comment  ...  that  ...  a 
preponderance  of  opinion  is  emerging  that,  even  on 
purely  tactical  considerations,  the  resort  to  nuclear 
weapons  would  not  favor  the  West  with  its  large  invest- 
ment in  both  military  and  civilian  surface  fleets. '14 

The  recent  assessment  by  Adm.  Holloway  also  points  out  that  tactical 

nuclear  weapons  would  make  a substantial  difference  in  the  survivability 

of  surface  ships.  But  just  such  considerations  could  well  have  led 

the  Soviets  to  emphasize  the  use  of  nuclear  weapons  against  surface 

ships. 

As  we  have  seen,  the  Soviets  do  seem  to  be  planning  for  the  kind  of  short, 
sharp  naval  combat  that  is  consistent  with  tactical  nuclear  weaponry. 

And  their  ships  are  faster  but  have  less  endurance;  they  have  more  immediate 
firepower, but  many  lack  reloads  for  their  missile  launchers.  Moreover, 
Gorshkov's  writings  do  not  distinguish  between  nuclear  and  conventional 
weapons . 

There  has  been,  then,  a difference  between  the  U.S.  and  Soviet  navies 
in  their  basic  attitude  toward  use  of  nuclear  weapons  at  sea.  This  differ- 
ence has  followed  from  the  differences  in  missions.  Nuclear  weapons  are 
highly  effective  against  both  surface  ships  and  submarines  — in  fact,  all 
kinds  of  targets.  For  a long  time,  the  Soviet  navy  had  the  mission  of 
defending  Soviet  territory  from  carrier-launched  strikes.  A carrier  is 

14 

L.W.  Martin,  The  Sea  in  Modern  Strategy  (New  York:  F.A.  Praeger,  Inc., 
1967),  p.  89. 
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large  and  easy  to  find,  but  hard  to  sink  with  conventional  weapons  unless 
it  is  hit  many  times.  A single  nuclear  weapon,  however,  can  put  it  out  of 


action. 

The  Western  navies  have  felt  most  threatened  by  the  Soviet  submarine 
force.  The  hardest  task  for  an  antisubmarine  force  is  detecting  and 
localizing  the  submarine,  not  attacking  it  once  found.  Once  a submarine 
has  been  localized,  nuclear  weapons  can  destroy  it  most  effectively,  but 
the  kill  radii  are  not  large  enough  to  compensate  for  normal  uncertainties 
about  the  position  of  the  submarine. 

The  general  assessment,  therefore,  has  been  that  nuclear  weapons 
would  be  of  little  help  to  the  antisubmarine  forces  of  the  Western  alliance, 
but  would  greatly  reduce  the  survival  ability  of  carrier  forces,  amphibious 
assault  groups,  and  convoys.  One  consequence  is  that  thinking  about 
tactical  nuclear  war  at  sea  has  been  minimal  in  the  West. 

The  U.S.  Navy  has  retained  nuclear  weapons  for  several  systems  (table  3). 
The  presence  of  nuclear  weapons  aboard  U.S.  ships  may  have  a deterrent 
effect  on  Soviet  use  of  nuclear  weapons  against  them,  as  does  the  prospect 
that  tactical  nuclear  war  could  quickly  escalate  to  general  nuclear  war. 
Carrier  forces  or  military  convoys  represent  sizable  military  capabilities; 
destruction  of  them  with  nuclear  weapons  might  easily  evoke  a nuclear 
response  at  a higher  level.  On  the  other  hand,  the  Soviets  may  reason, 
as  others  do,  that  if  use  of  nuclear  weapons  is  limited  to  the  oceans, 
escalation  is  much  less  likely  because  damage  is  limited  to  the  military 
forces. 

^^ee  Edward  Wegener,  The  Soviet  Naval  Offensive,  trans.  H.  Wegner 
(Annapolis:  U.S.  Naval  Institute,  1975),  p.  11,  for  an  example  of  this. 
argument . 
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TABLE  3 


PRESENT  AND  POTENTIAL  TACTICAL  NUCLEAR  WEAPONS 
OF  THE  U.S.  NAVY 

Present  Under  Study 

Antisubmarine  SUBROC  Mk  46  torpedo 

ASROC 

Mk  45  torpedo 
B-57  bomb 

Antiair  Talos  Standard  missile 

Terrier 

Antlshlp  Harpoon 

Tomahawk 

Source:  F.P.  Hoeber  and  W.  Schneider,  Jr.  (eds.),  Arms,  Men,  and  Military 
Budgets:  Issues  for  Fiscal  Year  1978  (New  York:  Crane,  Russak, 

1977),  p.  127. 

A great  many  factors  that  weigh  in  the  tactical  nuclear  balance  have 
changed  since  the  1960s.  But,  regardless  of  changing  conditions,  the 
basic  vulnerability  of  surface  ships  to  nuclear  weapons  remains 
unmistakable.  Dispersed  carrier  formations  and  convoys  only  increase  the 
number  of  weapons  needed  to  kill  a given  number  of  ships;  they  do  not  reduce 
the  inherent  vulnerability  of  ships  to  the  nuclear  blasts.  Since  the  enemy  has 
nuclear  weapons  and  may  be  a net  gainer  from  using  them,  U.S.  forces  must 
be  designed  for  nuclear  — as  well  as  conventional  — combat. 

To  do  so  may  require  major  redesign  of  U.S.  forces.  Investing  more  in 
submarines  and  proliferating  the  numbers  of  small  but  potent  surface  ships 
are  possible  responses.  High-speed  surface  effect  or  hydrofoil  craft  can 
be  employed  to  enhance  the  survival  ability  of  surface  warships. 

But  such  options  do  little  to  enhance  the  ability  of  carriers  and 
convoys  to  survive  nuclear  attack.  The  cost  of  building  a high-speed  carrier 
of  any  size  would  be  colossal,  and  merchant  cargoes  are  likely  to  continue 
being  transported  in  economical,  relatively  slow,  surface  ships.  The  vex- 
ing problem  of  defending  these  high-value  surface  units  against  nuclear 
attack,  therefore,  will  probably  continue. 


To  defend  such  forces  will  require  great  Improvements  in  protection, 
protection  best  achieved  through  destruction  of  the  enemy's  weapons  before 
they  can  be  launched.  The  prospect  of  tactical  nuclear  war  should  therefore 
shift  emphasis  even  more  toward  destroying  enemy  aircraft  and  ships;  here, 
land-based  aircraft  can  make  an  Important  contribution.  Better  surveillance 
Is  needed,  to  alert  the  defending  forces  In  time  to  Intercept  the  attackers 
before  they  can  reach  launch  position. 

Protection  against  nuclear-armed  antlshlp  missiles  also  requires  air 
defense  missile  systems  of  longer  range.  Such  systems  — designed  to  hit 
missiles  with  missiles  — are  likely  to  be  complex  and  costly.  Last-ditch 
point -defense  missile  systems  are  of  only  limited  value;  the  ranges  are 
too  short 

Before  the  Navy  decides  on  major  changes  in  its  force  structure  to 
reflect  the  possibility  of  sea  war  with  nuclear  weapons,  it  is  Important  to 
examine  the  change  that  has  taken  place  since  the  1960s.  Beyond  the  Improve- 
ments in  surveillance  and  the  deployment  of  antiship  missiles  that  have 
already  been  discussed,  these  evolutions  Include: 

— Changes  In  U.S.  and  Soviet  forces. 

— Improvements  in  acoustic  detection, 

— Changes  in  antisubmarine  strategy  and  tactics,  and 
— New  technology  for  tactical  nuclear  weapons. 

It  Is  hard  to  gauge  the  net  effect  of  all  these  changes.  But  It  Is 
apparent  that  there  Is  no  simple  solution  to  the  problem  of  protecting  sur- 
face ships  from  nuclear  attack.  War  at  sea  with  nuclear  weapons  would  prob- 
ably result  in  a quick  double  knock-out  of  many  Soviet  and  U.S.  surface 
ships.  The  use  of  nuclear  weapons  would  also  accelerate  the  pace  of 
antisubmarine  warfare,  the  advantage  going  to  the  side  with  the  best 

The  U.S.  Navy  is  doing  research  on  faster  ships,  better  protective 
systems,  and  so  on.  The  most  Important  of  these  programs  are  discussed 
In  the  next  section  of  this  paper. 
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detection  and  localization  systems.  Here,  the  U.S.  submarine  force  would 
likely  prevail. 

So  long  as  U.S.  forces  are  planned  for  conventional  conflict,  the 
ability  to  protect  the  fleet  in  nuclear  war  will  derive  mainly  from 
developments  for  non-nuclear  war.  This  is  the  subject  of  the  next  section. 


PROTECTING  THE  FLEET  IN  A NON-NUCLEAR  WAR 

U.S.  Naval  forces  — like  other  general  purpose  forces  — have  been 

sized  and  evaluated  for  worldwide  non-nuclear  war  with  the  Soviet  Union. 

In  such  a conflict*  the  fleet  would  be  most  likely  to  engage  Soviet 

forces  in  the  Mediterranean,  in  the  North  Atlantic  close  to  Europe,  and 

in  the  Western  Pacific.  Under  some  circumstances,  the  U.S.  and  Soviet 

fleets  might  fight  in  the  Indian  Ocean  as  well.  In  any  of  these  areas, 

the  U.S.  forces  involved  could  include  aircraft  carriers,  amphibious 

forces,  and  logistic  support  groups.  The  Chief  of  Naval  Operations  has  made 

this  assessment  of  the  threat  these  forces  will  face: 

"We  rate  the  Soviet  maritime  threat  in  this  order.  The 
most  severe  threat  is  their  submarine  force,  the  second 
most  severe  threat  is  the  air  force,  and  the  third  in 
ranking  is  their  surface  navy. 

The  reasons  for  this  are  complex.  They  have  a great  many 
submarines  and  their  submarines  are  hard  to  detect . On 
the  other  hand,  they  have  a great  many  aircraft  with  alr- 
to-surface  missile  systems,  and  the  important  thing  about 
their  air  forces  is  that  they  can  shift  them  rapidly  from 
one  theater  to  another  and  deploy  them  quickly  against  our 
forces.  Their  surface  navy  is  formidable,  that  Is  true, 
but  it  is  substantially  less  of  a threat  than  the  first 
two,  because  it  takes  longer  to  deploy,  and  can  be  kept 
under  continuous  surveillance."^^ 


^^Testimony  of  Admiral  James  L.  Holloway,  U.S.  Congress,  House  of 
Representatives,  Subcommittee  on  the  Department  of  Defense,  Hearings  on  the 
Department  of  Defense  Appropriation  for  1978,  74th  Congress,  1st  Session, 
Part  2,  p.  523. 
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To  attack  a fleet,  an  enemy  must  take  several  steps.  First,  he  must 
find  out  where  it  is  and  acquire  enough  information  to  predict  its  general 
movements.  He  must  also  find  out  enough  to  distinguish  his  main  targets 
from  other  ships  in  the  vicinity.  Then  he  must  prepare  his  forces  for 
attack,  arming  them  with  the  proper  weapons  and  countermeasures.  His 
forces  must  then  get  into  position  to  launch  their  attack;  to  do  this, 
they  may  have  to  overcome  several  layers  of  defense.  To  coordinate  an 
attack  with  several  kinds  of  forces,  moreover,  requires  extensive 
communication.  The  weapon  must  withstand  additional  defenses,  select 
its  intended  target,  and  hit  it  with  enough  strength  to  put  it  out  of 
action. 

Accomplishment  of  these  tasks  depends  on  having  detailed  information 
about  U.S.  and  allied  forces,  their  system  designs,  their  tactics  and 
countermeasures  — Information  acquired  in  peacetime  through  intelligence 
and  surveillance. 

The  likelihood  of  success  in  such  an  attack  depends  on  a variety  of 

circumstances.  Planning  a preemptive  or  surprise  attack  in  peacetime  is 

18 

the  least  difficult  of  all.  Information  about  the  positions  and  move- 
ments of  the  U.S.  fleet  can  be  supplied  continuously  by  ships  acting  as 
"tattletales."  Preparation  for  the  attack  can  be  leisurely  and  the  attack 
timed  carefully.  Since  shooting  has  not  started,  the  attacking  forces 
can  move  into  position  without  opposition.  Finally,  if  they  achieve 
surprise,  the  defenders  are  likely  to  be  less  ready.  Such  an  attack 
by  the  Soviets  might  focus  on  four  or  five  U.S.  task  forces. 

18 

Planning  and  conducting  an  attack  in  a peacetime  exercise  against 
one's  own  forces  is,  of  course,  even  easier.  Safety  and  resource  constraints 
remove  some  of  the  problems  that  would  complicate  plans  for  a real  attack. 
Because  of  these  artificialities,  one  can  discount  somewhat  the  performance 
achieved  in  such  major  fleet  exercises  as  Okean-75. 
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But,  even  a few  days  into  a major  war,  circumstances  are  different, 
and  mounting  an  attack  on  a U.S.  carrier  group  is  much  harder.  The 
attacker  has  less  information  — and  poorer  information  — to  go  on, 
and  his  attacking  forces  face  stronger,  readier  defenses. 

Some  of  the  protective  measures  that  the  fleet  can  take  are  implied 
by  the  attacker's  problems.  As  with  the  attacks,  effective  protection 
requires  a great  deal  of  information  about  the  enemy's  forces,  his 
weapon  systems  and  operations,  his  state  of  readiness,  and  his  tactics. 
Protective  measures  can  be  characterized  in  several  ways,  depending  on  when 
they  take  place,  where  they  take  place,  what  they  protect,  and  how  they 
protect. 

Some  of  the  most  Important  protective  measures  must  be  taken  in  peace- 
time. Gathering  intelligence  about  the  enemy  is  crucial.  But  proper 
training  and  readiness  are  also  vital  to  effective  protection.  How  the 
fleet  is  operated  in  peacetime  can  help  complicate  the  enemy's  problem  in 
formulating  his  attack  strategy.  If  the  defenders'  deployments  are  varied, 
the  enemy  finds  it  harder  to  prepare  his  attack.  Finally,  the  way  the 
fleet  is  structured  can  either  help  or  hinder  the  defense.  As  noted 
earlier,  concentrating  the  fleet's  main  striking  power  in  fewer  and 
fewer  units  aggravates  the  problems  of  the  defenders.  But  if  the  defenders 
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disperse  their  striking  power  more  widely  — through  reliance  on  larger 

numbers  of  smaller  ships  and  proliferation  of  long-range  cruise  missiles  :! 

■1 

on  many  ships  — they  can  acquire  a measure  of  protection  that  is  not 
otherwise  possible. 

rC 

Other  protective  measures,  such  as  jamming  the  enemy's  communications. 


destroying  his  surveillance  systems,  and  attacking  his  forces,  are 
available  in  wartime. 
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Another  way  to  characterize  protective  measures  is  by  their  location: 

Forward,  protection  — including  forward  surveillance  and  intercept 
systems  — is  far  from  the  defender's  naval  forces. 

Area  defenses  protect  all  the  ships  in  the  vicinity. 

Local  defenses  protect  the  area  immediately  around  that  fleet. 

Point  defense  protects  only  the  ships  they  are  mounted  on. 

Protective  systems  can  also  be  defined  by  the  way  they  operate  to 

nullify  the  enemy's  attack.  "Hard-kill"  systems  destroy  his  ships, 
aircraft,  or  weapons.  "Soft-kill"  systems  neutralize  the  effects  of 
the  weapons  by  diverting  them  from  their  targets. 

Just  as  Soviet  forces  may  combine  multiple  elements  to  attack  the 
fleet,  the  U.S.  Navy  employs  multiple  units  to  protect  it.  The  kinds  of 
protective  measures  just  discussed  are  combined  in  a great  variety  of 
combinations,  a concept  often  called  "defense  in  depth."  Individual 
components  of  the  defenses  are  designed  to  take  advantage  of  various  weak-  ] 

nesses  in  the  opponent's  position,  weapons,  or  tactics.  Generally,  a | 

defense  in  depth  is  well  hedged  — an  enemy  breakthrough  in  one  technology  | 

or  tactic  will  not  defeat  the  entire  defense.  Rather,  the  defense  will  | 

degrade  gradually  as  specific  elements  in  it  are  neutralized  or  destroyed.  | 

The  remainder  of  this  section  discusses  protection  of  U.S.  Naval  I 

i 

forces  against  submarine  attack  and  air  attack  by  Soviet  forces.  In  each  | 

case,  we  will  state  the  problem  briefly,  discuss  the  near-future  (1980s)  j 

I 

prospects  for  protecting  the  fleet  — based  on  the  U.S.  Navy's  development  ; 


and  procurement  programs  — and  then  look  at  more  distant  possibilities 
(19908)  on  the  basis  of  present  trends  in  research. 


Antisubmarine  Warfare  (ASW)  Protection 


The  CNO  places  the  Soviet  submarine  threat  at  the  top  of  his  list 
because  the  Soviets  have  many  submarines  and  they  are  hard  to  find. 

Locating  the  enemy  submarines  and  sinking  them  before  they  can 
get  into  position  to  attack  is  the  classic  ASW  problem.  In  World  Wars  I 
and  II,  the  submarine's  presence  was  often  not  revealed  until  it  had 
made  its  attack.  A torpedo  hit  on  a ship  then  served  as  a "flaming 
datum,"  attesting  to  the  presence  of  at  least  one  submarine.  Modern, 
nuclear-powered  submarines  are  even  harder  to  detect  than  the  conventional, 
diesel-powered  submarines  of  earlier  times. 

i'he  addition  of  antiship  missiles  to  the  submarines'  armament 
adds  a further  complication.  These  weapons  travel  much  farther  than 
torpedoes.  Against  the  submarines  that  fire  these  cruise  missiles,  ASW 
forces  must  therefore  provide  protection  at  much  greater  ranges. 

The  best  known  technique  for  detecting  a submarine  is  to  listen 
for  the  noises  generated  by  its  machinery  and  hull.  But  the  transmission 
of  sound  through  the  water  varies  greatly  with  acoustic  frequency  and 
such  water  conditions  as  temperature  and  salinity.  Detection  of 
submarines  must  therefore  be  viewed  in  probabilistic  terms.  Indeed, 
no  single  ASW  action  to  detect  or  attack  a submarine  has  a high  prob- 
ability of  success.  Consequently,  ASW  is  a matter  of  probabilities, 
relying  on  the  cumulative  effect  of  several  different  kinds  of 
measures  to  defeat  the  submarine.  The  Navy  has  procurement  and  development 
programs  underway  into  a variety  of  measures  to  enhance  ASW  capabilities 
in  the  1980s. 
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ASW  In  the  1980s.  The  best  guess  about  antisubmarine  technology 
in  the  1980s  is  that  it  vd.ll  move  along  currently  recognized  paths. 

For  many  years,  some  research  managers  held  out  hope  for  a breakthrough 
in  ASW  that  would  make  it  easy  to  see  through  the  water  and  find  sub- 
marines. So  far,  no  such  breakthrough  has  appeared.  Rather,  improve- 
ment in  ASW  has  resulted  from  a steady  accretion  of  small  advances  in 
sensors  and  weapons.  Much  of  the  Improvement  stems  from  the  application 
of  modern  computers  and  sophisticated  methods  to  the  processing  of  acoustic 
information.  Still,  the  detection  of  submarines  is  likely  to  be  the 
central  ASW  problem  of  the  1980s.  Success  in  ASW  will  depend  on  coordinated 
action  by  diverse  forces,  organized  to  create  ASW  defense  in  depth. 

The  U.S.  Navy  monitors  submarine  activity  in  areas 
where  enemy  submarines  might  go  to  make  their  attacks. 

Information  about  any  submarines  detected  can  be  passed  to 
force  commanders  for  use  in  directing  their  antisubmarine  searches. 

The  information  provided  by  surveillance  makes  the  search  force  far  more 
effective  than  it  would  be  if  it  had  to  depend  entirely  on  random  search 
of  broad  ocean  areas.  A force  commander  can  also  use  this  type  of  sur- 
veillance information  to  protect  his  forces  by  directing  them  away  from 
suspected  concentrations  of  enemy  submarines. 

The  ilavy’s  surveillance  systems  are  now  being  improved 
for  the  1980s  in  several  respects . Processing  and  communications  techniques 
are  being  sharpened  to  increase  the  numbers  of  detections  and  extract 
more  useful  information  from  those  detections. 
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A mobile  surveillance  sensor  system  is  being  developed  to  provide 
fleet  commands  with  a deployable  capability  in  the  1980s.  It  will  augment 
other  surveillance  coverage  and  will  enhance  surveillance  in  important 

areas  — for  example,  where  a carrier  is  operating. 

Because  most  Soviet  submarines  must  sail  through  relatively  narrow 

choke  points  before  getting  into  position  to  attack  the  U.S.  fleet,  a 
strategy  of  setting  up  protective  barriers  in  these  areas  offers  sizable 
advantages.  The  main  elements  of  the  Soviets’  submarine  force  are  in 
their  Northern  and  Pacific  Fleets.  Submarines  based  in  northwestern 
Russia  must  sail  through  the  Barents  Sea  and  the  gap  between  Iceland 
and  either  the  United  Kingdom  or  Greenland  to  reach  the  Atlantic.  In 
the  Pacific,  some  Soviet  submarines  are  based  in  the  Sea  of  Japan  and 
must  pass  through  one  or  another  of  the  narrow  passages  between  it  and 
the  open  ocean.  ASW  forces  in  these  passages  can  Intercept  these  sub- 
marines before  they  can  get  into  position  to  attack  the  fleet. 

Which  types  of  forces  to  employ  depends  on  the  distance  of  the 
barrier  from  the  Soviets'  defensive  forces.  Close  to  the  Soviet 
Union,  submarines  are  most  suitable,  being  better  able  to  survive. 

In  more  distant  areas,  remote  from  Soviet  defenses,  the  barrier  operations 
can  be  conducted  by  aircraft  and  surface  ships.  ASW  mines  can  also 
contribute  substantially  to  the  effectiveness  of  barriers. 

The  U.S.  Navy  is  improving  every  component  of  its  ASW  force  for 
the  1980s.  As  many  as  40  nuclear  attack  submarines  of  a new  class  — 
the  SSN-688s  — will  enter  service  in  the  1980s.  They  should  be  even 
more  effective  than  earlier  generations  of  U.S.  Navy  attack  submarines 
in  barrier  operations  because  their  Improved  sensors  will  extend  their 
detection  range. 
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The  Navy's  land-based  patrol  aircraft  — the  P-3s  — are  being  updated 
though  the  next  generation  of  ASW  patrol  aircraft  will  probably  not  appear 
In  significant  numbers  until  late  In  the  1980s.  New  sonobuoys  and  pro- 
cessors will  Improve  the  ability  of  the  P-3Cs  to  detect.  Identify,  and 
attack  submarines. 

In  the  19808,  many  ASW  surface  ships  will  be  equipped  with  tactical 
towed  array  sonars.  These  will  lengthen  the  range  at  which  surface  ships 

I 

f can  detect  a submarine,  making  them  far  more  effective  In  a barrier 

I role.  To  prosecute  submarine  contacts,  ASW  surface  forces  will  employ  | 

the  LAMPS  helicopter.  With  sonobuoys,  radar,  electronic  warfare  equipment,  | 

I magnetic  anomaly  detectors,  and  torpedoes,  LAMPS  will  find  and  attack  | 

; ; 

enemy  submarines.  Use  of  these  helicopters  extends  greatly  the  range  of  j 

ASW  operations  by  surface  ships.  | 

Finally,  the  Captor  ASW  mine,  long  under  development,  should  enter  ! 

( 

service  In  the  1980s.  It  will  be  particularly  effective  In  antisubmarine  j 

J 

barriers . i 

j 

Most  of  the  systems  will  then  be  able  to  operate  In  ASW  barriers 
and  help  provide  U.S.  carrier  and  amphibious  forces  with  local  protection. 

Land-based  patrol  aircraft,  nuclear  attack  submarines,  and  ASW  surface 
ships  will  all  help  to  screen  task  groups  from  enemy  submarines.  The  Improve- 
ments represented  by  SSN-6888,  Improved  P-3Cs,  and  the  tactical  towed 
array/LAMPs  team  will  add  to  the  fleet's  ability  to  protect  Itself 
against  submarines  that  penetrate  outer  layers  of  protection.  In  particular, 
i the  employment  of  nuclear  submarines  In  support  of  carrier  operations 

represents  a fairly  recent  application  of  a highly  effective  ASW  tactic. 

< As  we  move  Into  the  19808,  the  fleet's  tactics  for  operating  SSNs  In  carrier 

r 

groups  should  become  significantly  more  effective. 
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The  carriers  themselves,  of  course,  contribute  to  ASW  capabilities. 

The  S-3A,  a modem  carrier-based  ASW  aircraft,  will  be  In  the  fleet 
throughout  the  1980s.  In  addition,  the  carrier  force  Itself  may  begin 
to  change  during  the  1980s.  If  new,  smaller  carriers  are  acquired,  the 
fleet's  capacity  for  ASW  In  distant  areas  will  be  Increased.  Perhaps 
an  even  smaller  VSTOL  carrier  or  VSS  (VSTOL  Support  Ship)  will  be  built 
by  the  end  of  the  1980s.  In  the  1980s,  such  a ship  will  rely  largely  on  such 
helicopters  as  LAMPS  for  Its  ASW  capability. 

Unless  the  Soviets  unveil  a surprise  In  the  form  of  a wholly  new 
and  greatly  improved  submarine  force,  the  steady  relative  improvement 
in  the  U.S.  Navy's  ASW  capabilities,  observed  in  the  1970s,  should  continue 
in  the  1980s. 

ASW  In  the  1990s.  Projections  of  ASW  posture  and  capability  to  the  end 
of  the  century  are  necessarily  speculative.  The  best  approach  is  to  identify 
the  research  activities  and  concepts  that  may  lead  to  successful  applications, 
rather  than  predict  the  approaches  that  will  be  preferred  when  technical  limi- 
tations, operational  performance,  and  costs  are  better  understood. 

The  types  of  improvements  in  acoustic  ASW  techniques  sought  in  the 

1970s  will  undoubtedly  continue  to  be  goals  of  research.  For  example, 

the  Defense  Advanced  Research  Projects  Agency  (DARPA)  has  a program  in 

the  technology  of  large  acoustic  arrays,  studying  hydrophone  technology, 

telemetry  of  acoustic  data,  and  deployment  techniques  for  large  arrays. 

Another  DARPA  ASW  program  is  studying  the  oceans  to  determine  the  limits 

19 

of  performance  by  acoustic  arrays.  Improvements  in  the  power  of  computers 
for  ASW  will  surely  continue.  Faster  computing  is  important  in  ASW  Infor- 
mation processing,  and  computing  is  one  field  in  which  the  United  States 
holds  a substantial  technological  lead  over  the  Soviet  Union. 

19 

Statement  by  the  Director,  Defense  Advanced  Research  Projects  Agency,  Fiscal 
Year  1978  Program  for  Research  and  Development,  February  1977,  p.  1-12. 
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Scientists  have  also  been  Investigating  a variety  of  non-acoustic  techniques. 

Though  more  than  one  technology  — In  ASW,  as  elsewhere  — has  failed  to  fulfill 

Its  early  promise.  It  would  be  unwise  to  write  off  non-acoustic  techniques. 

Advanced  research  programs  are  looking  at  all  the  ways  In  which  submarines 

disturb  the  natural  environment,  searching  for  alternative  means  of 

detecting  submarines.  The  main  signatures  being  studied  are  electro- 

. 20 

magnetic,  hydrodynamic,  and  material. 

High-speed  ASW  surface  ships  also  offer  advantages  for  some  ASW 
applications.  Hydrofoils,  surface  effect  ships,  and  wing-ln-ground- 
effect  (WIG)  vehicles  are  much  faster  than  conventional  surface  ships  with 
displacement  hulls.  Though  high  speed  Is  not  essential  to  some  ASW 
tasks  — such  as  convoy  escort  — it  permits  a sprint-and-drif t tactic 
that  may  yield  higher  search  rates  than  is  available  to  destroyers  and 
frigates.  Moreover,  there  are  situations  In  which  a force  of  modest  size, 
prosecuting  a moderately  distant  contact,  may  have  to  respond  quickly. 

A high-speed  surface  ship  with  a small  complement  of  helicopters  would 
be  highly  useful  In  such  circumstances . 

Submarines  will  continue  to  be  effective  ASW  vehicles  in  the  1990s.  Some 
research,  now  underway,  may  open  the  way  to  the  development  of  small,  militarily 
effective  submarines.  If  research  into  low-drag  technology  is  successful,  deploy- 
ment  of  a force  of  small  submarines  would  become  possible.  These  submarines  could 
both  strengthen  barriers  and  enable  the  barriers  to  degrade  more  gradually 
under  attack. 

The  Navy  Department  Is  also  studying  the  use  of  large,  land-based 
aircraft  for  ASW.  Large  aircraft  offer  several  possible  Improvements 
In  ASW.  One  Is  that  they  can  carry  more  sensors  or  larger  sensors 
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and  thus  cover  more  ocean  area.  In  addition,  they  could  stay  longer  on 
station.  Another  advantage  is  the  possibility  of  carrying  more  on-board 
processing  equipment,  to  improve  the  chances  of  detection.  A third  advantage 
is  the  capacity  for  more  ASW  weapons,  enhancing  the  chances  of  hitting 
any  submarine  taken  under  attack.  Larger  aircraft  could  also  have  higher 

speeds,  valuable  in  prosecuting  distant  contacts. 

Finally,  there  is  VSTOL  aviation,  which  may  well  find  an  application 

in  ASW  in  the  1990s.  The  Navy  has  embarked  on  an  ambitious  VSTOL  program, 
one  of  whose  early  objectives  is  to  develop  an  ASW  VSTOL  aircraft. 

Such  aircraft,  operating  on  many  small  VSTOL  carriers  or  air-capable  ships, 
could  sweep  large  areas  free  of  submarines  and  make  those  waters  safer  for 
convoys  or  carriers. 

Antiair  Warfare 

The  Chief  of  Naval  Operations  described  Soviet  aircraft  as  the 
second  most  serious  threat  to  the  fleet  because  of  their  numbers  and 
speed.  If  Soviet  aircraft  were  to  launch  concentrated  attacks  on  individual 
carrier  groups,  they,  could  saturate  the  defenses  — though  saturation 
attacks  could  not, of  course,  be  mounted  against  all  U.S.  carriers  at 
the  same  time.  To  prevent  saturation  attacks,  the  Navy  must  be  able  to 
exact  so  heavy  a price  from  the  enemy  that  such  attacks  will  appear 
unprofitable. 

As  in  the  case  of  ASW,  protection  of  the  fleet  from  air  attack 
relies  on  a defense  in  depth.  Because  events  in  air  warfare  move  so 
swiftly,  however,  defense  must  succeed  the  first  time;  the  probability 
of  detection.  Intercept,  and  kill  must  therefore  be  high.  It  is  true  that 
large  warships  are  armored  and  compartmented  so  that  they  can  take 
some  hits  from  non-nuclear  weapons,  but  each  hit  increases  the  chance 
that  the  ship  or  its  weapons  will  be  put  out  of  action. 


In  addition  to  defense  against  aircraft,  the  fleet  must  be  defended 
against  antiship  missiles  launched  from  submarines  and  surface  ships. 

In  discussing  protection  against  coordinated  air-,  surface-,  and 
submarine -launched  antiship  missiles,  it  is  useful  to  divide  the  process 
into  two  steps:  destroying  the  weapon  launcher  before  it  can  fire, 
and  destroying  the  missile  after  it  has  been  launched. 

Detecting  aircraft  is  much  easier  than  detecting  submarines.  Yet 
the  speed  of  aircraft  is  so  high  and  the  standoff  range  of  their  air- 
launched  weapons  so  great  that  the  battle  for  air  superiority  at  sea  is 
greatly  compressed  in  time.  There  is  therefore  a premium  on  readiness 
and  the  ability  to  engage  several  enemy  aircraft  or  missiles  at  once. 

The  problems  of  detecting  and  destroying  submarines  before  they  can 
launch  their  missiles  have  already  been  discussed.  Defense  against  the 
SSN-7  submerged-launch  antlshlp  missile  is  severely  limited;  its 
short  range  (30  nm)  and  high  speed  (M  1.5)  leave  little  time  for  the 
defense  to  react.  Here  again,  therefore,  there  is  a premium  on  readiness 
and  quick  response  by  the  defense. 

The  problems  posed  by  antlshlp  missiles  launched  from  surface  ships 
are  different.  If  the  opposing  surface  forces  are  intermixed,  the  one  that 
strikes  first  gains  an  advantage;  it  is  sure  to  launch  most  of  its  antlshlp 
missiles.  If  the  attack  is  a surprise,  the  advantage  is  even  greater;  retaliation 
may  be  delayed  — or  even  avoided  entirely.  The  vulnerability  of  surface 
ships  to  antlshlp  missiles,  therefore,  makes  for  an  unstable  situation 
when  two  surface  forces  are  in  the  same  area  at  a time  of  high  tension. 

If  the  opposing  forces  are  separated,  however,  surveillance 
systems  may  be  so  Important  that  each  side  will  find  it  necessary  to 


destroy  the  other's  surveillance  systems.  If  they  are,  In  fact,  destroyed, 
the  pace  of  naval  warfare  will  turn  out  to  be  far  slower  than  is  now 
envisioned.  The  result  can  be  likened  to  a night  baseball  game  with  many 
of  the  lights  turned  out  and  others  dimmed.  Pitchers  would  have  trouble 
reading  signals  from  the  catchers.  Batters  would  not  get  signals  from 
the  third  base  coach.  There  would  be  many  errors  and  passed  balls,  and 
innings  would  last  a long  time. 

Regardless  of  the  fate  of  surveillance  satellites,  protection  of  the 
U.S.  fleet  from  attack  by  large  surface  ships  is  not  likely  to  be  a 
serious  problem.  The  Kievs,  Krestas,  and  Karas  would  be  the  first  of 
the  Soviets'  major  forces  to  sustain  heavy  losses. 

Defense  Against  Air  Attack  in  the  1980s.  In  the  1980s,  the  U.S. 
carrier  forces  will  still  be  able  to  destroy  the  Soviet  surface  fleet. 

This  capability  will  be  strengthened  by  the  wide  deployment  of  Harpoon 
antiship  missiles  and  the  longer-ranged  Tomahawk  missiles.  Problems  in 
long-range  targeting  will  be  largely  overcome  by  a variety  of  onboard  and 

off board  surveillance  and  targeting  systems. 

However,  the  Soviet  surface  fleet  can  be  expected  to  launch  many  of  its 

missiles  at  U.S.  forces  on  D-day.  Protection  against  these  missiles  will 
require  improved  antimissile  systems  and  soft-kill  systems.  After  D-day,  the 
Soviet  surface  forces  will  add  little  to  the  threat  to  the  U.S.  fleet. 

The  main  elements  of  the  U.S.  fleet's  protection  against  Soviet 
aircraft  in  the  1980s  — land-based  early  warning  systems,  land-based 
interceptors,  the  large-deck  carrier,  and  the  F-14/Phoenlx  system  — 
are  already  in  place.  NATO  surveillance  and  early  warning  systems  will 
be  in  position  to  detect  Soviet  aircraft  long  before  they  can  reach  the 
operating  areas  of  the  U.S.  fleet.  Though  Soviet  air  attacks  may  be 
flown  by  circuitous  routes  or  at  low  altitudes,  either  option  will  reduce 
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their  attack  radius.  In  many  areas,  land-based  Interceptors  will  be 
able  to  engage  Soviet  attackers  long  before  they  can  arrive  at  their 
launch  points.  In  these  engagements,  some  of  the  attackers  will  be 
killed  and,  fully  as  important,  the  coordination  of  the  Soviet  attack 
will  be  broken  up. 

Soviet  bombers  that  survive  this  combat  with  land-based  interceptors 
and  reach  the  fleet  operating  areas  will  be  engaged  by  carrier-based 
forces.  The  E-2C  aircraft  will  provide  early  warning  and  aerial  combat 
coordination.  The  F-14A,  now  widely  deployed,  has  a substantial  capability 
for  intercepting  the  Soviet  navy's  strike  aircraft.  Cumulative 
attrition  by  land-based  interceptors  and  carrier-based  F-14s 
will  greatly  reduce  the  number  of  antlshlp  missiles  actually  launched 
at  U.S.  surface  ships. 

By  the  late  19808,  the  ability  of  the  fleet  to  detect,  intercept, 
and  either  destroy  or  evade  antlshlp  missiles  will  be  greatly 
enhanced  by  newly  introduced  systems.  The  most  prominent  of  these  is 
Aegis,  which  will  have  a fixed,  phased-array  radar,  resistant 
to  enemy  countermeasures,  and  will  be  managed  or 

directed  by  modem  computers.  Aegis  will  incorporate  a rapid-fire 
launching  system  for  the  new  SM-2  missile.  Introduction  of  the  Aegis 
system  will  Increase  substantially  the  fleet's  ability  to  defeat  enemy 
missiles.  The  net  effect  will  be  to  make  saturation  of  the  fleet's  air 
defenses  far  more  difficult.  In  the  1980s,  though,  deployment  of  this  large, 
expensive  system  will  be  limited  to  the  few  large  surface  combatants  that 
operate  with  carrier  task  groups. 

A new  point  defense  or  dose-ln  weapons  system  (CIWS),  Phalanx,  is  being 
developed,  for  last-ditch  defense  against  antiship  missiles.  This  is 
a 20  mm  gatllng  gun  that  has  its  own  search  and  track  radars  and 
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fire  control  system.  The  system  Is  small  enough  to  be  mounted  on  a wide 
variety  of  U.S.  Navy  ships. 

Electronic  warfare  (EW)  systems  will  also  be  important  in  protection 
of  the  fleet  in  the  1980s.  Their  purpose  will  be  to  provide  electro- 
magnetic warning  and  surveillance.  EW  systems  will,  in  addition,  incorpor- 
ate active  countermeasures  to  deny  targeting  information  and  to  decoy 
enemy  weapons  away  from  their  targets.  As  with  "hard-kill"  defenses, 

EW  will  make  extensive  use  of  computers  to  correlate  detections,  identify 
threats,  and  pick  the  right  responses. 

Defense  Against  Air  Attack  in  the  1990s.  Improvements  in  fleet 
protection  against  air  and  missile  attacks  will  continue  through  the 
1990s.  U.S.  antlshlp  missiles  should  be  more  sophisticated,  better  able 
to  locate  Soviet  ships  and  penetrate  their  defenses.  Improvements  in 
surveillance  systems  will  make  employment  easier.  Consequently,  the 
threat  from  Soviet  surface  ships  should  remain  the  least  serious  part 
of  the  problem  of  protecting  the  fleet. 

Incorporation  of  the  Aegis  system  into  the  fleet  is  likely  to 
continue  into  the  1990s.  Undoubtedly,  parts  of  the  system  will  be 
modified  and  improved  to  keep  pace  with  developments  in  Soviet  missile 
and  electronic  warfare  technology. 

A new  system  — Shipboard  Intermediate  Range  Combat  System  (SIRCS)  — 
is  planned  to  arrive  in  the  late  1980s;  it  will  be  available  in  sizable 
numbers  in  the  1990s.  SIRCS  is  intended  to  provide  intermediate-range 
surface-to-surface  and  self-defense  capabilities  to  naval  surface  combat- 
ants not  equipped  with  Aegis.  In  its  present  concept,  the  system  is 
designed  for  fast  reaction, sizable  area  coverage,  and  potent  firepower.  When 
deployed,  SIRCS  will  greatly  enhance  the  self-protection  of  naval  combatants. 
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Scientists  are  also  studying  the  use  of  high-energy  lasers  In  naval 
22 

warfare.  This  work  Involves  research  Into  phenomenology  and 
development  of  Individual  components  of  a laser  system,  such  as  a 
pointer/ tracker  and  automatic  almpolnt  selection.  Though  this  program 
Is  directed  at  use  of  high-energy  lasers  for  protection  against  missiles. 
It  Is  far  too  soon  to  tell  what  roles  they  may  play  In  the  fleet  of  the 
1990s. 

The  high  speed  of  aircraft  means  that  there  Is  a premium  on 
detecting  them  early  and  tracking  them  closely.  The 

Air  Force  reportedly  has  at  least  two  programs  underway  for  detecting 

and  tracking  aircraft  from  space.  One  — called  Teal  Ruby  — would 

employ  Infrared  detectors  for  spotting  aircraft.  The  second,  called 

HALO,  would  employ  optical  means.  Either  system  might  provide  early 

warning  of  air  attacks  directed  toward  the  fleet  from  Soviet 
23 

naval  airfields. 

Aircraft  will  continue  to  play  an  Important  role  In  defense  against 
aircraft  In  the  1990s.  Investigations  of  roles  for  large  land-based 
aircraft  In  naval  warfare  Include  consideration  of  ways  In  which  these 
aircraft  can  strengthen  the  fleet's  air  defenses.  One  possible  role 
Is  airborne  early  warning;  the  possibility  of  arming  the  plane  with  air- 
to-air  missiles  must  also  be  considered. 

The  VSTOL  program  Is  a more  likely  candidate  for  enhancing  the  role 
of  aircraft  In  protecting  the  fleet  In  the  1990s.  The  Navy's  program 
for  VSTOL  Includes  development  of  a VSTOL  fighter  by  the  mid-1990s. 

Such  a capability  would  raise  a number  of  possibilities  for  combatting 
attacks  on  the  fleet  In  the  1990s. 

22 

See,  for  example,  D.M.  Cordroy,  et  al..  Meteorological  Sensitivity 
Study  on  High  Energy  Laser  Propagation.  Naval  Research  Laboratory  Report 
8077,  January  1975. 

I See  Barry  Miller,  "Aircraft  Detection  System  Advances,"  Aviation 

[ Week  and  Space  Technology,  June  20,  1977,  pp.  22-23. 
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Future  Developments 

There  Is  no  evidence  to  suggest  either  that  the  day  of  the  surface  fleet 
has  passed  or  that  the  problems  of  protecting  the  fleet  will  be  easily  solved. 
The  problems  of  defending  the  fleet  requires  consideration  of  these  important 
possibilities: 

1.  The  fleet  can  be  so  disposed  as  to  minimize  the  risk  and 
damage  of  surprise  attack.  Dispersing  the  fleet's  striking 
power  and  concealing  its  operations  — as  much  as  possible  — 
are  types  of  actions  that  can  improve  the  readiness  of  forces 
by  operational  and  tactical  changes  that  are  relatively 
inexpensive . 

2.  The  Navy  can  maintain  its  superiority  in  submarine  design  by 
investing  the  resources  and  employing  submarines  in  a variety 
of  antisubmarine  roles. 

3.  Naval  warfare  will  rely  more  than  ever  before  on  intelligence. 

The  Navy's  planning  can  provide  for  denying  the  enemy  vital 
information  about  the  fleet  and  its  weapons,  sensors,  and 
operations . 

4.  Protection  of  the  fleet  will  require  coordinated  action  by 
land-  and  sea-based  systems,  including  some  outside  the  Navy's 
control.  To  maintain  coordination  in  the  face  of  enemy  counter- 
measures will  require  responsive  systems  of  command  and  control. 

5.  Surveillance  systems  may  prove  to  be  so  important  that  each 
side  will  try  to  destroy  the  other's.  If  these  systems  are, 
in  fact,  destroyed,  the  pace  of  naval  warfare  will  turn  out 

to  be  far  slower  than  is  now  envisioned.  The  Navy  should  plan 
for  this  possibility. 
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6.  To  enhance  the  effectiveness  of  the  Navy's  ovm  ASW  and  to 
provide  it  with  information  about  possible  countermeasures, 
the  Navy  can  conduct  more  research  in  non-acoustic  techniques 
for  detecting  submarines. 

PROTECTING  THE  FLEET  AGAINST  SMALLER  NAVIES 

General  purpose  forces  of  the  Navy  and  Marine  Corps  have  served  as 

instruments  of  national  policy  in  a wide  variety  of  situations.  According 

to  a Brookings  Institution  report,  naval  units  participated  in  more  than 

80  percent  of  215  incidents  in  which  the  U.S.  leadership  used  armed  forces 

24 

between  1945  and  1975.  In  some  of  these  cases,  armed  opposition 
was  possible;  in  a few  instances,  it  took  place. 

In  the  future,  military  opposition  may  be  much  more  effective,  as 
a consequence  of  the  diffusion  of  modern  naval  technology.  In  addition, 
increases  in  national  claims  to  the  sea  and  its  resources  add  to  the 
possibility  of  naval  warfare. 

The  consequences  of  the  new  technologies  for  naval  warfare  have  received 
little  discussion,  though  some  of  these  "new"  technologies  have  been  in 
naval  use  since  1958.  Since  Soviet-made  Styx  missiles  sank  the  Eilat  in 
1967,  perhaps  100  to  150  antiship  missiles  have  been  fired  in  anger, 
sinking  another  destroyer,  10-15  smaller  naval  craft,  and  about  5 neutral 
merchant  ships. 

There  is  a growing  belief  that  new  types  of  weapon  systems  will  make 
smaller  navies  much  more  capable,  for  example,  of  causing  temporary 
embarrassment  to  superpower  navies.  The  new  technologies  mentioned  most 
often  are:  precision-guided  weapons,  remotely-piloted  vehicles,  VSTOL 
aircraft, surveillance  and  targeting  systems,  and  electronic  measures 
and  countermeasures.  One  main  theme  is  that  the  new  technology  favors 


^Barry  M.  Blechman  and  Stephen  Kaplan,  "Armed  Forces  as  a Political 
Instrument,"  Survival.  Vol.  XIX,  No.  4 (July  -August  1977),  p.  170. 
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defense  forces.  Large,  visible  attacking  units,  such  as  carriers  and  \ 

I 

cruisers, are  thought  to  be  more  easily  detectable  by  the  new  sensors  and  | 

more  vulnerable  to  attack  with  the  new  weapons.  For  smaller  navies,  | 

however,  such  potentialities  lie  largely  In  the  future.  | 

At  present,  the  navies  of  most  small  nations  have  only  local  defense  j 

functions  and  largely  outdated  equipment  for  performing  them.  Some  of  these  1 

countries  are  modernizing  their  forces,  more  with  an  eye  on  each  other  than 
any  plan  to  counter  the  forces  of  larger  naval  powers,  such  as  the  U.S.,  the 
Soviet  Union,  the  United  Kingdom,  or  France.  Modern  weapon  systems  In  the 
hands  of  a small  navy  may  help  deter  attack  by  neighbors,  and  some  could 
undoubtedly  win  local  naval  conflicts.  None,  however.  Is  equipped  to  deny 
local  seas  to  a superpower  or  to  project  naval  power  at  a distance. 

Could  a smaller  navy  — with  frigates  and  patrol  craft  mounting  antlshlp  I 

missiles,  with  new  diesel  submarines,  with  land-based  air,  with  precision-guided  j 

munitions,  etc.  — stop  the  U.S.  Navy  from  projecting  forces  Into  an  area? 

Probably  not.  ' 

There  are  two  main  reasons.  One  Is  relative  economic  strength.  A 
small  navy  with  new  technology  might  Inflict  an  Initial  shock  if  it  struck 
first  at  the  U.S.  fleet.  We  would  be  less  likely  to  engage  in  gunboat 
diplomacy  against  any  nation  with  such  a navy.  But  a U.S.  Navy  that  is 
sized  to  fight  the  Soviet  fleet  could,  obviously,  soon  muster  the  forces 
to  obliterate  even  the  best  of  the  smaller  navies. 

More  Important:  The  U.S.  and  Soviet  navies  have  great  incentives  for 
staying  ahead  In  the  technology  of  naval  warfare;  they  will  probably  stay 
well  ahead  of  other  arms  producers.  Moreover,  neither  navy  Is  likely  to 
release  its  best  and  latest  technologies  to  any  but  Its  firmest  allies  — 
and  perhaps  not  even  to  them.  In  conflicts  with  smaller  navies,  therefore, 
the  U.S.  fleet  is  likely  to  encounter  older  or  less  capable  systems  and 
In  relatively  small  numbers . 


Predicting  the  possible  evolution  of  specific  small  navies  is  diffi- 
cult. The  future  of  these  forces  depends  on  domestic  stability,  regional 
problems,  economic  development,  international  alliances,  and  so  on.  But 
it  is  possible  to  see  what  $100-150  million  a year  spent  on  naval  forces 
might  buy  for  a typical  or  nominal  smaller  navy. 

TABLE  4 

NOMINAL  "SMALL"  NAVY  OF  THE  FUTURE 
(Millions  of  1977  dollars) 


Number 

Procurement 

cost 

Annual 

operations 

Twenty-year 
systems  cost 

Diesel  submarines 

3 

$37.0 

$3.5 

$321 

Missile  frigates 

2 

84.5 

5.0 

469 

Frigates 

2 

70.0 

4.0 

300 

Corvettes 

5 

40.0 

3.0 

500 

Fast  patrol  boats 

10 

12.0 

0.7 

260 

P-3  aircraft 

10 

18.0 

0.8 

340 

ASW  helicopters 

10 

3.0 

0.3 

90 

Subtotal:  Force  Investment  and  operational  costs  $2,180 

Command,  tralnlng,and  administration  (1/3  of  operating  costs)  115 


Subtotal:  Force  Investment  and  operational  costs  $2,180 

Command,  tralnlng,and  administration  (1/3  of  operating  costs)  115 

Total  cost  $2,295 

Average  annual  cost  $ 115 


Such  a force  would  contain  150  antlshlp  missile  launchers  at  most  and 
would  lack  adequate  capabilities  for  distant  surveillance  and  targeting.  23 
Experience  suggests  that  smaller  nations  have  even  more  problems. 

Including  maintenance,  training,  aid  reliability.  Even  this  nominal  modern 
navy,  therefore,  would  probably  be  unable  to  muster  more  than  half  of  its 
forces  for  an  attack.  In  all  likelihood,  such  a navy  would  lack  the 
real-time  command  and  control  capability  to  launch  a well-coordinated  air, 
surface,  and  submarine  attack.  The  U.S.  fleet,  accordingly,  would  face 
a poorly  coordinated  attack  by  small  numbers  of  older  missiles. 

“^Information  about  the  movements  of  the  U.S.  fleet  could,  of  course, 
be  furnished  by  the  Soviets. 
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Under  such  circumstances,  such  a force  might  still  take  on  a U.S. 
carrier  task  group.  In  the  1990s,  the  U.S.  group  would  probably  include 
a single  large-deck  carrier  or  several  smaller  carriers  with  VSTOL  aircraft 
In  either  case,  it  would  have  75  to  100  tactical  aircraft,  all  of  them  at 
least  as  capable  as  today's  F-14s,  S-3s,  A-6s,  and  E-2Cs.  There  would  prob 
ably  be  two  Aegis/SM-2  ships  in  the  force  and  about  six  other  surface 
combatants.  All  would  have  the  Phalanx  CIWS  and  up-to-date  electronic 
warfare  systems.  Submarines  would  accompany  them.  The  force  would 
also  have  substantial  numbers  of  Harpoon  or  Tomahawk  launchers.  Finally, 
the  commander  on  the  scene  would  be  supported  by  remote  systems  for  ocean 
surveillance  and  computerized  systems  for  command  and  control. 

Unless  the  small  navy  achieved  complete  tactical  surprise,  its 
strongest  attack  could  probably  inflict  only  slight  damage  on  the  U.S. 
force.  The  U.S.  force's  surveillance,  coastal  aircraft,  and  Tomahawk 
missiles  would  enable  it  to  stand  off  and  attack  the  enemy's  small 
surface  force  from  a distance.  Its  airborne  early  warning  aircraft  and 
fighter  aircraft  should  be  able  to  blunt  the  enemy's  air  attack  and  turn 
it.  And  the  Aegis  systems  could  easily  handle  any  enemy  missiles  that 
survived  to  be  launched  at  the  task  group. 

Admiral  Holloway  estimated  that  the  U.S.  fleet  might  lose  10  percent 

of  its  carriers,  i.e.,  one  to  two  carriers,  in  combat  with  a Soviet  client. 
The  analysis  Just  presented  suggests  that  this  is  an  overestimate.  At 
worst,  combat  with  the  nominal  small  navy  might  result  in  one  or  two 
hits  on  a U.S.  carrier. 
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14  pp..  5 Feb  1473.  (Published,  with  revisions,  m 
Survival.  Nov/Dec  1473)  AD  761  675 

PP  109 

Berghoefer.  Fred  G..  "Salaries- A Framework  for  the 
Study  of  Trend.”  8 pp,.  Dec  1473.  (Published  in 
Review  of  Income  and  Wealth.  Series  18.  No.  4.  Dec 
1972) 

PP  no 

Augusta.  Joseph.  “A  Critique  of  Cost  Analysis."  4 
pp  .Jul  1973.  AD  766  376 

PP  III 

Herrick.  Robert  W.,  “The  USSR's  ‘Blue  Belt  of 
Defense'  Concept  A Unified  Military  Plan  for  De- 
fense Against  Osborne  Nuclear  Attack  by  Strike 
Carrien  and  Polans/Poaeidon  SSBNs."  18  pp..  May 

1973.  AD  766  375 

PPI12 

Ginsberg.  Lawrence  H..  "ELF  Atmosphere  Noiae 
Level  Siatutics  for  Project  SANGUINE."  24  pp  . Apr 

1974.  AD  786  969 

PP1I3 

Ginsberg.  Lawrence  H..  "Propagation  Anomalies 
During  Project  SANGUINE  Experiments."  5 pp  . Apr 
1974.  AD  786  968 

PP  114 

Maloney.  Arthur  P..  "Job  Satisfaction  and  Job 
Turnover."  41  pp-.Jul  1973.  AD  768  410 

PP  115 

Silverman.  Lester  P..  "The  Determinants  of  Emer- 
gency and  Elective  Admitsiont  to  Hospitals."  145 
pp  . 18  Jul  1973.  AD  766  377 


PP  116 

Rehm.  Allan  S..  "An  Assessment  of  Military  Opera- 
tions Research  in  the  USSR."  14  pp . Sep  1473. 
(Reprinted  from  Proceeduigs.  30th  Military  Opera- 
tions RcKarch  Syrrpusium  (U).  Secret  Dec  1472) 
AD770  1I6 

PP  117 

MeWhite.  Peter  B.  and  Ratliff.  H.  Donald.*  "De- 
fending a Logistics  System  Under  Mining  Attack."** 
24  pp.,  Aug  1476  (to  be  submitted  for  publication  in 
Naval  Research  Logistics  Quarterly),  presented  at 
44ih  National  Meeting.  Operations  Research  Society 
of  America.  November  1473.  AD  A030  454 
*Untvmiiy  of  Fhhda. 

**Resevch  supported  in  part  under  Office  of  Naval 
Research  Contract  NOOOl 4-M-027J-001 7 

PPII8 

Barfoot.  C.  Bernard.  "Markov  Duels."  16  pp..  Apr 
1473,  (Reprinted  from  Operations  Research.  Vol.  22. 
No.  2.  Mar-Apr  1974) 

PP  119 

Stoloff.  Pfcter  and  Lockmin.  Robert  F.,  "Develop- 
ment of  Navy  Human  Relations  Questionnaire."  2 
pp.,  May  1974,  (PubUihed  in  American  Psychologica] 
Association  ^oceedings,  81st  Annual  Convention, 
1973)  AD  774  240 

PPI20 

Smith.  Michael  W.  and  Schnmper,  Ronald  A..* 
"Economic  Analysis  of  ilie  IntiKity  Dispersion  of 
Criminal  Activity."  30  pp..  Jun  1974.  (Presented  at 
the  Econometric  Society  Meetings,  30  Dec  1973) 
AO  780  538 

*£conomics.  North  Carolina  State  University. 

PP  121 

Devine.  Eugene  J.,  "Procurement  and  Retention  of 
Navy  Physicians."  21  pp..  Jun  1974.  (Presented  at  the 
49th  Annual  Conference.  Western  Economic  Associa- 
tion. Las  Vegas.  Nev.,  10  Jun  1974)  AD  780  539 

PP122 

Kelly,  Anne  M.,  "Tlie  Soviet  Naval  Presence  During 
the  Iraq-Kuwaiti  Border  Dispute:  March- April  1473." 
34  pp.,  Jun  1974,  (Pubbshed  ui  Soviet  Naval  Policy, 
ed.  Michael  MccGwire;  New  York:  Praeger) 
AD  780  592 

PPI23 

Petersen,  Charles  C..  "The  Soviet  Port-Clearing  Opera- 
tion in  Bangladesh.  March  1972-December  1973,"  35 
pp.,  Jun  1974.  (Published  in  Micliael  MccGwire.  et  al. 
(eds)  Soviet  Naval  PoUcy  Objectives  and  Constraints, 
(New  York  Praeger  Publishers.  1974)  AD  780  540 

PP124 

Friedheim,  Robert  L.  and  Jehn.  Mary  E.,  "Antici- 
pating Soviet  Behavior  at  the  Third  U.N.  Law  of  the 
Sea  Conference;  USSR  Positions  and  Dilemmas."  37 
pp..  10  Apr  1974.  (PubUshed  in  Soviet  Naval  Policy, 
ed.  Michael  MccGwire;  New  York.  Praeger) 
AD  783  701 

PP125 

Wemland.  Robert  G..  "Soviet  Nava)  Operations-Ten 
Years  of  Change  ” 17  pp.,  Aug  1474,  (Published  in 
Soviet  Naval  Policy,  ed.  Michael  MccGwire;  New 
York  Praepr)  AD  783  962 


PP  126  - aasaified 
PPI27 

Dra^iich.  George  S..  ‘*The  Soviet  Union's  Quest  for 
Access  to  Naval  Facilities  in  Egypt  Prior  to  the  June 
War  of  1967,"  64  pp  . Jul  1974,  AD  786  318 

PPI28 

Sloloff.  Peter  and  Lockman,  Robert  F..  "Evaluation 
of  Naval  Officer  Performance."  1 1 pp.,  (Presented  at 
the  82nd  Annual  Convention  of  the  Amencan 
Psychological  Association,  1974)  Aug  1974. 
AD  784  01 2 

PP  129 

Hoien.  Arlene  and  Horowitz.  Stanley.  "Partial  Un- 
employment Insurance  Benefits  and  the  Extent  of 
Partial  Unemployment."  4 pp.,  Aug  1974.  (Pubbshed 
m the  Joum^  of  Human  Resources.  Vol.  IX.  No.  3, 
Summer  1974)  AD  784  010 

PPI30 

Dismukes,  Bradford.  "Roles  and  Missions  of  Soviet 
Naval  General  Purpose  Forces  m Wartime  Pro-SSBN 
Operation."  20  pp..  Aug  1974.  AD  786  320 

PP  131 

Weinland.  Robert  G..  "Analysis  of  Gorshkov's  levies 
in  War  and  Peace," 4S  pp..  Aug  1974.  (hiblished  in 
Soviet  Naval  Policy,  ed.  Michael  MccGwire.  New 
York  Praeger)  AD  786  319 

PPI32 

Kkinman.  Samuel  D..  "Racial  Differences  ui  Hours 
Worked  m the  Market  A Preliminary  Report."  77 
pp.,  Feb  1975,  (Paper  read  on  26  Oct  1974  at  Eastern 
Eixmomk  Association  Convention  m Albany.  NY) 
AD  A005  517 

PP  133 

Squires.  Michael  L..  "A  Stochastic  Model  of  Repme 
(Thange  in  Latin  America.”  42  pp..  FeS  1475. 
AD  A 007  912 

PP  134 

Root.  R.  M.  and  Cunniff.  P F .•  "A  Study  of  the 
Shock  Spectrum  of  a TwoDepee-of-Frecdom  Non- 
bnear  Vibratory  System,"  34  pp..  Dec  1975.  (ftib- 
bshed  m the  condensed  version  of  The  Journal  of  the 
Acoustic  Society.  Vol  60.  No.  6.  Dec  1476.  pp.  1314 
*t)epmtment  of  Mechanical  Engineering.  Univenity 
of  Maryland. 

PP135 

Goudreau.  Kenneth  A.,  Kuzmack.  Richard  A . 
Wiedemann.  Karen.  "Analysis  of  Closure  Alternatives 
for  Naval  Stations  and  Naval  Air  Stations."  47  pp..  3 
Jun  1975  (Reprinted  from  "Hearing  before  the 
Subcommittee  on  MiUtary  Construction  of  tlie  Corrv 
rrutiee  on  Armed  Service,"  U.S-  Senate.  43rd  Con- 
gress. 1st  Session,  Part  2.  22  Jun  1473) 

PPI36 

Stalling.  WiUiam.  "CybemetKs  and  Behavior 
Therapy."  1 3 pp..  Jun  1475 

PP137 

Petersen,  Charles  C.,  "The  SovKt  Union  and  the 
Reopening  of  the  Suez  Canal  Minevleanng  Opera- 
tions in  the  Gulf  of  Suez,"  30  pp  . Aug  1475. 
AD  AOIS  376 


•CNA  Professional  Papers  with  an  AD  number  may  be  obtained  from  the  National  Technical  Information  Service,  U.S.  Department 
of  Commerce,  Springfield.  Virginia  22151  Other  papers  arc  available  from  the  author  at  the  Center  for  Naval  Analyses.  1401 
Wilson  Boulevard.  Arlington.  Virginia  22209. 
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PP  I ^H 

Stalling.  WiUiaiiu  “BRIDGli  An  Interactive  Dia* 
litgue-Gereratiitn  Facility.''  S pp..  Aug  |97S  (Re- 
pnnted  from  lEEb  Transactions  on  Systems.  Man. 
and  r>bemtftics.  Vol.  5.  No.  3.  May  I^JTS) 

PP  I.W 

Mor|s»n.  William  F . Jr..  “Beyond  Folklore  and  Fables 
m Foresir>  to  Positive  Economics."  14  pp..  (Pre- 
sented at  Stiuthem  Economic  Association  Meeting 
November.  I‘)74)  Aug  1975.  AD  A 015  393 

PP  140 

Mahoney.  Robert  and  Druckman.  Daniel*.  “Simula- 
tion. Eapenmentation,  and  Context."  36  pp..  1 Sep 
|975.  (Published  in  Simulation  & Games.  Vol.  6.  No. 
3.  Sep  19751 
*Maihenutk'a.  Inc. 

PP  141 

Mi/rahi.  Maurice  M..  “Generalized  Hermiie  Poly- 
nomials."* 5 pp..  Feb  1976  (Reprinted  from  the 
JiHimal  of  Computaiiorul  and  Applied  Mathematics. 
Vol  I . No.  4(1975).  273-277). 

^Research  suppuricd  by  the  SatU*nal  Science 
Foundation 

PP  142 

LiK'kman.  Robert  F..  Jehn.  Christopher,  and 
Shughari.  William  F.  II.  “Models  for  Estimating  l^e- 
mature  Losses  and  Recruiting  [hstrict  Performance." 
36  pp  . Dec  1975  (Presented  at  the  RAND  Con- 
ference on  Defense  Manpower.  Feb  1976:  to  be 
published  in  the  conference  proceedings) 
AD  A 020  443 

PP  143 

Horowitz,  Stanley  and  Sherman.  Allan  (LCdr.,  USN), 
“Maintenance  Personnel  Effectiveness  in  the  Navy," 
33  pp..  Jan  1976  (Presented  at  the  RAND  Conference 
on  Defense  Manpower.  Feb  1976;  to  be  pubbshed  in 
the  conference  proceedings)  AD  A02 1 581 

PP  144 

Durch.  William  J..  “The  Navy  of  the  Repubbe  of 
China  ■ History,  Problems,  and  Prospects."  66  pp.. 
Aug  1976  (To  be  published  in  "A  Guide  to  Asiatic 
Fleets."  ed.  by  Barry  M.  Blechman.  Naval  Institute 
Press)  AD  A030  460 

PP  145 

Kelly.  Anne  M..  “Port  Visits  and  the  “Internationalist 
Mission"  of  the  Soviet  Navy."  36  pp  . Apr  1976 
AD  A0:3  436 

PP  146 

Palmour.  Vernon  E..  "Alternatwes  for  Increasing 
Access  to  Scientific  Journals."  6 pp.,  Apr  1975 
(Presented  at  the  1975  IEEE  Conference  on  ^tentific 
Journals.  Cherry  Hill.  N.C..  Apr  28-30;  pubbshed  in 
IEEE  Transactions  on  Professional  Communication. 
Vol.  PC-18.  No  3.  Sep  1975)  AD  A021  798 

PP  147 

Kessler.  J.  Chnstian.  “Lefsl  Issues  in  lAotecting 
Offshore  Structures."  33  pp..  Jun  1976  (Prepared 
under  task  r>rder  N000I4-68-A-009I-O023  for  ONR) 
AD  A028  389 

PP  148 

McConnell,  James  M..  “Miktary-Pobtical  Tasks  of  the 
Soviet  Navy  in  War  and  Peace."  62  pp..  Dec  1975 
(PuMished  in  Soviet  (3ceans  Development  Study  of 
Senate  Commerce  Comrruttee  October  1976) 
ADA022  590 


PP  149 

Squires.  Michael  L..  "Counteiforce  Fflectiveness  A 
Companson  of  the  Tsipis  “K"  Measure  and  a Com- 
puter Simulation."  24  pp..  Mar  1976  (Presented  ai 
(lie  Internationa)  Study  Association  Meeiinp.  27  Feb 
1976)  AD  A022  59I 

PP  150 

Kelly.  Anne  M.  and  Peierscn.  Charles.  “Ret.eni 
Changes  in  St>viei  Naval  Policy  Prospects  for  Arms 
Linutations  in  the  Mediterranean  and  Indian  Ocean." 
28  pp  . Apr  1976.  AD  A 023  723 

PP  151 

HiHowit/.  Stanley  A..  “The  Economic  Consequences 
of  Political  Philosophy."  8 pp..  Apt  1976  (Reprinted 
from  Economic  Inquiry.  Vol.  XIV.  No.  I.Mar  1976) 

PP  152 

Mt/rahi.  Maunce  M..  “On  Path  Integral  Solutions  of 
the  Schrodinger  Equation,  Without  Limiting  Pit»- 
cedure."*  10  pp..  Apr  1976  (Reprinted  from  Journal 
of  Mathemalical  Physics.  Vol.  17.  No.  4 (Apt  1976). 
566-575). 

*Rciearch  supptfrtcd  by  the  .\atunul  Saence 

FounJat  It  >ri 

PP  153 

Mizrahi.  Maurice  M..  “WKB  Expansions  by  Paih 
Inieirals.  With  Applications  to  the  Anharmomc 
(3scillator."*  137  pp..  May  1976  (Subnutied  for 
publication  in  Annals  of  Physics).  AD  A025  440 
*Resear(h  suppi>rted  by  the  \atioml  Science 

Foundatiitn 

PP  J 54 

Mizrahi.  Maurice  M..  “On  the  Semi-Classical  Ex- 
pansion in  Quantum  Mechanics  tor  Arbitrary 
Hamiltonians."  19  pp..  May  1976  (To  appear  in  the 
Journal  of  Mathematical  Physics)  AD  A025  441 

PP  155 

Squires.  Michael  L..  “Soviet  Foreign  Policy  and  Third 
World  Nations."  26  pp,.  Jun  1976  (Prepared  for 
presentation  at  ihe  Midwest  Political  Science  Asstvia- 
tion  meetings.  Apr  30.  1976)  AD  A028  388 

PP  156 

Stallings.  William.  “Approaches  lo  Chinese  Character 
Recognition."  12  pp..  Jun  1976  (Repnnted  irom 
Pattern  Recogmtion  (Pergamon  Press).  Vol  x,  pp 
87-98.  1976)  AD  A0:8  692 

PP  157 

Morpn.  William  F..  “Unemployment  and  the 
Pentagon  Budget  Is  There  Anything  in  the  Empty 
Pork  BarreP"  20  pp  . Aug  1976  AD  A030  455 

PP  158 

Haskell.  LCdr  Richard  D (USN).  “F xpenmentaJ 
Validation  of  Probability  Predictions."  25  pp  . Aug 
1976  (Presented  at  the  Military  Operations  Research 
Six-iety  Meeting.  Fall  1976)  AD  A0.30  458 

PP  159 

McConnell.  James  M . "The  Gorshkov  Arucies.  The 
New  Gorshkov  Book  and  Their  Relation  to  Policy." 
93  pp..  Jul  1976  (To  be  printed  in  Soviet  .Vaixi/ 
Infhience  Di>meuic  and  Foreign  Dimemitms.  ed  by 
M.  MccGwire  and  J McDonnell.  New  Yi>rk  Praeger) 
ADA029  227 

PP  160 

Wilson.  Desmond  P . Jr  . “The  U.S  Sixth  Fleet  and 
the  Conventional  Defense  of  Europe."  50  pp,.  Sep 
1976  (Submitted  for  publication  in  Adelphi  Papers. 
I I S S . London)  AD  A0.30  457 


PI*  161 

Mclich.  Miefui'i  I and  Peel.  Vice  Adm  Kay  (l-'SN. 
Kclircd).  "I  led  ( onimariders  Athwi  or  AdiMre"*" 
pp  . Aug  1976  (Kepnnied  Irom  I .5  Inuituic 

l‘riHecdtng\.  Jun  1976)  Al)  M).30  45h 

PP  162 

Fiirdheitii.  K.iheii  I . “Parliamentary  Diplomacy." 
106  pp  Sep  1976  ADA()t3  306 

PP  163 

l.K.kinan.  Robert  F , "A  Model  (or  Predicting  Re 
emit  Uisses."  9 pp  Sep  1976  (Presented  at  the  )i4ih 
annual  ^invention  ol  Ihe  American  PsychologKaJ 
Assixiali«*n.  Washington.  DC  4 Sep  1976) 
Al)  A()3045q 

PP  164 

Mah**ncy.  R«>ben  B . Jr  . “An  Assessment  of  Public 
and  Elite  Perceptionv  in  France.  The  United  King 
dom.  and  t)»e  Federal  Republic  ol  Ormanv.  31  pp 
Feb  1977  (Presented  at  ( onlerence  "Perception  ol 
the  U S Soviet  Balance  and  the  PolitKal  Uses  ot 
Military  Power'  sponsrKed  by  Directot,  Advanced 
Research  ProKcts  Agency.  April  1976)  Al)  0.36  5uu 

PP  165 

JonJrow.  James  M.  “I  fleets  of  Trade  Restrictions  ;»i 
Impi'ris  ol  Steel."  67  pp  , November  1976.  (De 
livered  at  ILAB  ( onlerence  in  Dec  1976) 

PP  166 

Feldman.  Paul.  “Impediments  to  the  Implementation 
of  Desirable  Changes  m the  Regulation  <»f  I'rban 
Public  Transportation."  12  pp . (At  I9'’6. 
Al)  A033  .322 

PP  166  Revised 

Feldman.  Paul.  "Why  Its  Diflicult  to  ( hange  Regula 
Uon."(K'l  1976 

PP  167 

Klciniiun.  Samuel.  “ROT(  Service  ( ommiimenlv  a 
Comment."  4 pp  . Nov  1976.  (To  be  published  in 
Public  ( hoice.Vol  XXIV  Fall  1976)  ADA033  305 

PP  168 

1 iKkman.  Robert  F . “Revabdation  «il  CNA  Support 
Personnel  Seledion  Measures."  .36  pp  . Nos  1976 

PP  169 

Jacobson,  louis  S,  'larnings  Losses  ot  Workers 
Displaced  litvm  Manutactunng  fndusines."  38  pp  . 
Nov  1976.  (Delivered  af  ILAB  Crmference  tn  Dire 
1976) 

PP  170 

Brechling.  Frank  P.  “A  Time  Senes  Analysis  of 
labor  Turnover."  Nos  |9'6  (Delivered  al  ILAB 
Conference  in  Dec  1976) 

PP  |7| 

Ralston.  James  M . “A  Ihtfusion  Model  livf  GaP  Red 
LED  IVgiadation."  10  pp  . Nov  1976.  (Pubbshed  in 
Journal  ol  Applied  Pvsxs.  Vol  47.  pp,  4518-4527. 
(Xt  1976) 

PP  172 

Classen.  Kathleen  P . "Unemployment  Insurance  and 
the  Length  of  Unemployment."  Dec  1976.  (Presented 
at  the  I'niversitv  of  Rochestei  LabtM  Workshop  on  16 
Nov  1976) 

PP  173 

Kleinman  Samuel  1) . "4  N«»te  on  Racial  DiUetences 
in  (he  Added  Worker  Discouraged- Worker  Contro- 
versy." 2 pp  Dec  I9?6  (Puhlished  in  the  Amencan 
Fconomisi.  Vi»|  XX.  No  I , Spring  1976) 
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PP  J74 

Mahoney.  Robert  B..  Jr..  “A  Conipanym  ol  the 
Brookings  and  International  Incidents  Priijects.’*  (2 
pp.  Feb  1 977  AD  037  206 

PP  175 

Levine.  Daniel.  Sioloff.  Peter  and  Spruill.  Nancy. 
"Public  Drug  Treatment  and  Addict  Crime."  June 
1976.  (Published  in  Journal  of  Legal  Studies.  Voi. 
5.  No.  21 

PP  176 

Febx.  Wendi.  "Correlates  of  Retention  and  Pro- 
motion for  (jSNA  Graduates."  38  pp..  Mar  1977 

PP  177 

Lockman.  Robert  F.  and  Warner.  John  T..  "Pre- 
dK'ting  Attrition  A Test  of  Alternative  Ap- 
proaches." 33  pp.  Mat  1977  (Presented  at  the 
OSD/ONR  Conference  on  Enbsted  Attrition  XeroK 
International  Training  Center.  Leesburg,  Virginia, 
4-7  April  19771 

PP  178 

Kleinman.  Samuel  D..  "An  Lvaluation  of  Navy  Un- 
restricted Line  Officer  Accession  Programs.”  23  pp. 
April  1977.  (To  be  presented  at  the  NATO  Con- 
ference on  Manpower  Planning  and  Orpniaation 
Design.  Stresa.  Italy.  20  June  1977) 

PP  17<) 

Stoloff.  Peter  H and  Balut.  Stepheh  J.,  Vacate  A 
Model  for  Personnel  Inventory  Planning  Under 
Changing  Management  Policy."  14  pp.  April  1977. 
(To  be  presented  at  the  NATO  Conference  on  Man- 
power Planning  and  Orpnizaiion  Design.  Stresa. 
Italy.  20  June  1977) 

PP  180 

Horowitz.  Stanley  A and  Sherman.  Allan.  "The 
Charactensiics  of  Naval  Personnel  and  Personnel 
Performance."  16  pp  Apnl  1977.  (To  be  presented 
at  the  NATO  Conference  on  Manpower  Planning 
and  Orpni/ation  Design.  Stresa.  Italy,  20  June 
1977) 

PP  18! 

Balui.  Stephen  J and  Stoloff.  Peter.  "An  Inventory 
Planning  Model  for  Navy  Enlisted  Personnel."  35 
pp..  May  1977.  (Prepared  for  presentation  at  the 
Joint  National  Meeting  ol  the  Operations  Research 
Society  of  America  and  The  Institute  for  Manage- 
ment Science  9 May  1977.  San  Fia'’.iKo,  Cab- 
fomia) 

PP  182 

Murray.  Russell.  2nd.  "TTie  (>iest  for  the  Perfect 
Study  or  My  First  11.18  Days  at  CNA."  5’  pp . 
April  1977 

PP  183 

Kasting.  David,  "Changes  m Soviet  Naval  Forces." 
33  pp..  November.  1976.  (To  be  published  as  a 
chapter  tn  a book  pubbshed  by  The  National 
Stratepc  Information  Center) 

PP  184 

lockman.  Robert  F..  "An  Overview  of  the 
OSD/ONR  Conference  on  First  Term  Enlisted 
Attrition."  22  pp.,  June  1977.  (fteaenred  to  the 
39ih  MORS  Working  Group  on  Manpower  and 
Personnel  Planning.  Annapolis.  Md . 28-30  June 
1977) 


PP  185 

Kasting,  David.  “New  Technology  and  Naval  Forces 
tn  the  South  Atlantic,"  22  pp.  (Thu  paper  was  the 
basis  for  a presentation  made  at  the  Institute  for 
Foreign  Policy  Analyses,  Cambridge.  Mass..  28  Apnl 
1977.) 

PP  186 

Mizrahi.  Maurice  M..  "Phase  Space  Inie^als,  Wnh- 
oul  Limiting  Procedure,”  31  pp . May  1977.  (Sub- 
mitted for  publication  in  Journal  of  Mathematical 
Physics) 

PP  187 

Coi)e,  Russel)  C..  "Nomography  for  Operations  Re- 
search." 35  pp.,  April  1977,  (Presented  at  the  Jouit 
National  Meeting  of  the  Operations  Research 
Society  of  America  and  The  Insiiiule  for  Manage- 
ment Services.  San  FranetKo,  Cabfornia.  9 May 
1977) 

PP  188 

Durch,  William  J..  "Information  Processing  and 
Outcome  Forecasting  for  Multilaierai  Negotiations 
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